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1. In accordance with ER 1110-2-1150, there is submitted for 
review and approval Design Memorandum No. 9, Auxiliary Conduit 
Tunnel, Site Geology, Foundations, Concrete Materials and Detailed 
Design of Structures for the Park River Local Protection, 
Connecticut River Basin, Hartford, Connecticut. 

2. The design included in the DM has been developed using the 
Draft of Guide Manual EM 1110-2-2901, Engineering and Design, 
Tunnels and Shafts in Rock, dated December 1973, with revised 
Chapters 1, 2 and 3> dated 5 November 1976. 

3. It is requested that specific response be made to recommenda- 
tions contained in Paragraph 21, Recommendations. 

FOR THE DIVISION ENGINEER: 



Incl (10 cys) 
as 




Acting Chief, Engineering Division 
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WATER RESOURCES DEVELOPMENT PROJECT 



PARK RIVER LOCAL PROTECTION 
CONNECTICUT RIVER BASIN 
HARTFORD, CONNECTICUT 

A. PERTINENT DATA 



PURPOSE 



Flood Control 



LOCATION 



State 
County 
City 
River 

River Basin 



Connecticut 

Hartford 

Hartford 

Park River & North and South 

Branch Park River 
Connecticut 



PARK RIVER DRAINAGE AREAS 

Park River at the Mouth 
North Branch Park River 
South Branch Park River 

RECORD OF MAJOR FLOODS 



78.7 Square Miles 
27.7 Square Miles 
4>.0 Square Miles 



Year 

1936 
1938 
1938 
1955 
1955 



Month 

March 

January 

September 

August 

October 



Peak Discharge, c.f .s.* 

5,400 
5,650 
5,320 
14,000 
6,420 



*Gage at Riyersj.de St. on Park River about 600 feet below junction of 
North and South Branches. 

AREAS 



Subject to flooding, Acres 
Inundated 1955 flood of record, 

Acres 
Properties protected 



3,000 
2,300 

Industrial , commercial , 
residential and public 



1 



TWIM-RECTANGULAR BOX CONDUIT 
Material 

Length 



Conduit Section In Fee t 

Existing (12,743 ft) : 

Original (1944) 5,600 

Section 1 1,213 

Section 3 1,710 

Section 6 1,460 

Section 8 2,760 



Reinforced Concrete , 

Half Section 
Width Height 



30^0" 


19' -4" 


34 , -0" 


26* -6" 


34 , -0" 


26* -6" 


36^0" 


27* -6" 


22* -0" 


25' -0" 



UNDER CONSTRUCTION (4,036 ft) : (Scheduled completion date - 1980) 



Section 2 1,23,2 34'-0" 26*-6' 

Section 4 1,337 34 , -0" 26 , -6 f 

Section 5 103 36'-0" 27'-6' 

Section 7 1,044 22 , -0" 25*-0* 

Section 9 320 22 , -0" 25'-0" 



POPE PARK PUMPING STATION - (Formerly Riverside Pumping Station) 

Pope Park by Conduit 

Section 4 
75 

40 W 

3 



Location 

Capacity, CFS 
Area Controlled, Acres 
Pumps (No.) 



ARMORY PUMPING STATION 



Location State Armory by Conduit 

Section 1 

Capacity, cfs 120 
PumpjtJxSo,} -■ 3 



AUXILIARY CONDUIT 



Length, feet 
Size, Inside Dia. 
Liner Material 
Capacity 

Predominant Excavation 



9,100 
22' -0" 

Reinforced Concrete 
5,400 cfs 
Shale Rock 
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SYSTEM DESIGN .CAPACITY (Conn. River Stage of 30 ft. MSL) 



Park River Conduit 
Auxiliary Conduit 
Total 

AUXILIARY CONDUIT SHAFTS 



18,400 CFS 
5,400 CFS 
23,800 CFS 



Intake Shaft 



Inside Diameter 
Depth, Total, Feet 

Depth to Rock, Feet 

Liner, Material 

Outlet Shaft 

Inside Diameter in Soil 

Inside Diameter in Rock 

Depth, Total, Feet 

Depth to Rock, Feet 

Liner in Soil, Material 

Liner in Rock, Material 

Height of Protection During Construction 

Local Drainage * Shaf ts 

Inside Diameter 

Liner Material 

Total Depth, Broad St. Shaft 

Depth the Rock, Broad St. Shaft 

Total Depth, Main St. Shaft 

Depth to Rock, Main St. Shaft 



22' -0" 
143 
64 

Reinforced Concrete 



22 , -0" 
146 
70 

Reinforced Concrete 
Reinforced Concrete 
Elevation 27.6 MSL 



6^0" 
Reinforced Concrete 
175 » 
50' 
185 1 
20 1 



3 



B. INTRODUCTION 



1. PURPOSE . The purpose of this memorandum is to present for 
review and approval the geo technical, structural and materials 
investigations and design criteria developed for the Auxiliary 

Conduit Tunnel of the Park River Local Protection Project, 

Hartford, Connecticut. Basic criteria, loading assumptions, 
typical computations, logs of explorations, laboratory data, 
definitive plans and other pertinent data are presented. • 

2. SCOPE . This memorandum incorporates the geotechnical, 
structural and concrete materials investigation aspects associated 
with the design and construction of the Auxiliary Conduit Tunnel. 
The shafts, intake and outlet structures appurtenant to the gunnel 
were presented in Design Memorandum No. 8 submitted September 1976. 
A description of the entire project is contained in Design Memo- 
randum No. 2, Phase II, Project Design, Part II - Auxiliary Conduit. 
Scheme D of that memorandum, the deep rock tunnel, is now the 
adopted scheme and is the basis of this memorandum. Hydrology and 
hydraulics for the project were submitted in memoranda which have 
been approved and are referenced herein. 

3. STATUS OF PROJECT . Part I of the project, consisting of an inlet 
structure at the North Branch of the Park River, five sections of 
twin box conduit, a junction structure at the convergence of the 
North and South Branches of the Park River and two pumping stations 

is now under construction. The construction of the Auxiliary Conduit, 
Part II of the project, is expected to Commence in 1977 and continue 
for a period of three years. 

4. DESCRIPTION OF TUNNEL . The Auxiliary Conduit Tunnel will conduct 
approximately one quarter of the maximum flow in the Park River from 
the convergence of the North and' South Branches of the River (Junction 
Structure) to the Connecticut River at a point 1200 feet downstream 
from the outfall of the twin box conduit enclosing the Park River. 
The completed tunnel will have a 22 foot inside diameter anar extend 
some 9100 feet between the intake and outlet shafts. It will be 
excavated through shale rock and basalt at a maximum depth of 200 
feet below ground surface. The tunnel Invert at the outlet shaft is 
52 feet below the intake invert with the tunnel sloping at a rate of 
approximately seven inches per 100 feet. A minimum rock thickness 

of approximately 50 feet will remain above the crown excavation at the 
outlet. The tunnel will be lined throughout the reinforced concrete. 
Plate 9A-1 is a general plan of the project and Plates 9A-2 through 



9A-19 are detailed plans and profiles of the proposed tunnel. Plate 
9A-20 contains moment and thrust diagrams for the tunnel liner and'* 
Plates 9 A- 21 and 9A-22 show details of the rock support systems and 
tunnel liner. 

5. DEVIATIONS FROM PREVIOUS MEMORANDA . The Auxiliary Conduit Tunnel 
as presented in this memorandum differs in several respects from that 
presented in Design Memorandum No. 2, Phase II, Part II. As noted in 
Design Memorandum No. 8 the cleanout and inspection shaft has been 
eliminated and two small diameter local drainage shafts have been 
added. The transition from square to circular cross-section is ac- 
complished in the. intake shaft making the tunnel circular in section 
throughout. The minimum design thickness of cast-in-place liner has 
been reduced from 24" to 13" as a result of deepening of the tunnel 
and more complete geologic data. 

6. CONSTRUCTION ALTERNATES . Three tunnel lining systems will be 
included in the contract documents with bidding schedules for each. 
The alternates will be as follows: 

1. Cast-in-place liner with drill and blast excavation. 

2. Cast-in-place liner with mole excavation. 

3. Precast segmental liner with mole excavation. 

The least expensive of the alternates will be selected. 

7. DISPOSAL OF EXCAVATED ROCK . The majority of rock excavated for 
the tunnel will be transported to the primary spoil area located north 
of the intake shaft as shown on Plate 9A-1. The area is low lying and 
contains approximately 13.5 acres. The excavated material will raise 
the elevation of the area so that it will not be subject to ponding 
thereby enhancing prospects for future development. A second spoil 
area will be designated at the Department of Public Works yard in 
Hartford for the excess material not required at the primary area. 

8. TEMPORARY ROCK SUPPORT . The cast-in-place liner alternatives will 
require rock support for the entire length of the tunnel. Rock bolts 
with shotcrete. will be employed at varying spacing, depending on the 
quality of rock encountered during construction, for all but the reach 
of tunnel within the fault zones in the vicinity of stations 57+50 

and 95+0. Specified minimum and anticipated maximum rock bolt patterns 
for the tunnel crown have been shown on Plate 9A-21. The reaches with- 
in the fault zones, approximately 300 hundred feet in length, will be 
supported by W 8 steel ring beams at an anticipated average spacing of 



three feet. The actual spacing will be determined during con- u 
struction. Shotcrete coatings will be specified with each of the 
above rock support systems. Rock bolts at close spacings will be 
used in lieu of ring beams in the cast-in-place liner with mole 
excavation alternate. Temporary rock support will not be required 
if the precast liner alternative is selected. The term "rock bolt 
for purposes of this memorandum refers to the rock reinforcement 
described herein although under more strict definition they should 
be described as rock anchors. 



C. GEOTECHNICAL DESIGN 



9* PHYSIOGRAPHY . The Park River at Hartford, .Connecticut, ...4s.. In 

the Connecticut Valley lowland, a well-defined/ depression within 

the New England Upland subdivision of the New England province. 

The elongated valley trends roughly north-south and is drained by 

the Connecticut River. Hartford is in the middle of the valley which is 

about 20 miles wide at that point. The lowland is underlain by 

interbedded Triassic conglomerate, sandstone and shale with sheets 

of trap rock and is flanked by more resistant igneous and meta- 

morphic rocks of the highlands. The trap rock is more resistant 

and stands out from the sedimentary rock types as ridges because 

of differential erosion. Various glacial deposits cover the area. 

10. REGIONAL GEOLOGY . In this vicinity the valley is a structural 
feature, probably a graben with north-south trending major faults 
on the east and west margins. The Triassic sequence in the valley 
consists largely of thick interbedded red arkoses, shales and 
conglomerates which dip easterly at about 15° to 20°. Within the 
formation are beds of mostly red shales together with basalt flows 
and diabase dikes and sills. These types strike northerly and 
outcrop in a narrow belt running up the valley north of Hartford, 
in a zone about 10 miles wide just south of Hartford, and again in 
a narrow zone extending to the south. Numerous fault blocks are 
recognized mainly in and around the bodies of trap rock. The rocks 
are not known to be folded significantly. The region is blanketed 
by glacial till which occurs at the surface in the higher parts of 
the lowland. However, in the low, flat or gently undulating plains 
which form the surface throughout most of the region, the till is 
overlain by widespread glacial lake deposits of stratified sand and 
varved silt and clay. The lake beds are buried locally by glacial 
outwash deposits. 

11. SEISMICITY . The project is located in zone 1 on the seismic 
risk map accepted by the Coastal Geoditic Survey. There may be 
possible minor damage to structures from earthquakes in zone 1 areas. 
In accordance with Engineering Technical letter No. 1110-2-109 dated 
21 October 1970, hydraulic structures in zone 1 will be designed to 
withstand earthquake accelerations of .05 g. As faults in the area 
are not considered to be active, seismic forces will not be considered 
in design of the tunnel linings as discussed in chapter 3 of the 
revised draft of EM 1110-2-2901. 
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12. PREVIOUS TUNNELING IN THE AREA . Under the direction of 
the Bureau of Public Works for the city of Hartford a e'O" wide 
by 6* 2V 1 nigh horseshoe shaped tunnel called the "Jefferson 
Street Tunnel" was constructed in 1934 and 1935. This tunnel 
which was designed to be 7,554+ feet in length was constructed 
prinicpally in rock with short earth sections on both ends. The 
tunnel is located approximately 1000 feet south and in a gener- 
ally parallel attitude to Park River Auxiliary Conduit . The 
tunnel has ajdesign invert elevation varying between +24.27 and 
+12.66 at a grade of 0.13%. In comparison the invert grade of 
the Park River auxiliary is from -95.07 to -147.0 MSL, a depth of 
approximately 120 to 150 feet below the Jefferson Street Tunnel. 
Construction records of the tunnel are very sketchy; however, the 
only recorded major problems during construction were in areas of 
tunneling in clay where air was required to advance the tunnel and 
in areas where the tunnel broke through the rock surface and 
required unanticipated earth tunneling methods and associated sup- 
port. The geologic conditions for design were evaluated by Charles 
P. Berkey for the Bureau of Public Works and are recorded in a 
report entitled "Report on the Geologic Features of the Jefferson 
Street Tunnel" dated March 24, 1934. Available: data on the actual 
design and construction of the tunnel is very iimited with infor-r 
mation primarily related to claims in the overburden, alleged 
vibratory damage and inspector's field notes. No official as- 
built record of construction has been discovered. All available 
information in regard to this work has been considered in the design 
of the Park River Auxiliary Conduit. 

13. SUBSURFACE INVESTIGATIONS . 

a. Current Invest igat ions . Explorations consisted of core 
borings, various tests within the boreholes and a seismic survey. 
Tests in boreholes included borehole photography, pressure testing, 
piezometers, observation wells, and pump tests. 

(1) Core Drilling . Rock cores from 29 borings were used to 
determine tunnel geology; 18 were M-series chrome barrel NX-diameter 
cores and 11 were M-series 4-inch diameter. (See Plates 9A-2 thru 
9A-4 for locations.) Ten boreholes do not reach tunnel grade because 
they were drilled for a previous design in which the tunnel was 
higher in elevation. Rock cores were logged, classified, tested, 
and photographed in the laboratory. All cores were photographed in 
the field immediately upon removal from the core barrel for future 
use during contract bidding. A typical drill log and photographed 
box of core are shown in Appendix A. 
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(2) Borehole Photography , At the time of this memorandum 4 
boreholes reaching tunnel grade and 11 shallow boreholes (before 
deepening) have been photographed with the borehole camera to 
determine rock structure. The logs indicate joint orientations 
and depths of rock structure. Pertinent orientation and frequency 
rosettes and polar diagrams are plotted on Plates 9A-5 thru 9A-19. 
Joint analyses were prepared from these data, examples of which are 
in Appendix B. Borehole photography is continuing for complete 
coverage of borings extending to the depth of tunnel grade. 

(3) Pressure Testing . Boreholes were pressure tested except 
those in which artesian flows occurred. The procedure consists of 
lowering a perforated pipe that normally sets off a 5-foot zone by 
air inflatable or mechanical packers. The packers are expanded at 
depth and then water flow into the borehole is measured at each 
successive zone. Pressure test results are shown graphically next 
to the borings on Plates 9A-5 thru 9A-19. Pressure testing is 
continuing on all borings not previously tested. 

(4) Observation Wells . Six boreholes were left open and were 
used as observation wells to record ground-water levels. Results 
are tabulated in Appendix C. Artesian flows were measured in some 
boreholes during the explorations and are noted on detail Plates 
9A-5 thru 9A-19. 

(5) Pump Tests . Selected boreholes were pump tested, usually 
at tunnel grade, to determine water inflow. The summary of pump 
test data is shown in Appendix C. 

(6) Piezometers . Readings from existing piezometers are shown 
in Appendix C. Other piezometers are to be installed in selected 
boreholes after forthcoming borehole photography is completed. Each 
installation will consist of several piezometers installed at 
various horizons at or near tunnel grade. 

(7) Siesmic Survey . A seismic survey was conducted under 
contract along the tunnel alignment to determine depths to rock and 
to aid in selecting borehole locations. Seismic velocities and 
rock surfaces are incorporated in Plates 9A-5 thru 9A-19. 

Future Investigations . Additonal drilling is planned 
around the site of the caisson at the outlet. Six wash borings are 
scheduled. In situ testing to determine stresses at tunnel grade is 
planned and it will be followed by a 100-foot test section at the 
start of the tunnel during construction. The in situ testing' will 1. 
be done cooperatively between NED, WES and the U.S. Department of 
Transportation. 
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14. LABORATORY TESTING 

a. General . Rock core samples for testing were chosen 
primarily from zones within the tunnel, near the crown and within 
one-half diameter above the crown. Some samples from higher 
elevations were tested during the earlier design. Tests were 
made to determine factors such as densities, rock strengths, 
modulus of elasticity, Poisson's rations, failure characteristics 
and joint strengths. The test results give parameters that are 
applied to designs of supports and determinations of tunneling 
characteristics. As only competent samples can be tested some 
of the weakest and poorest quality zones may not have specific 
test values. The testing program is continuing and final design 
will be based on the completed testing program. 

b * Tests . The tested zones are shown on Plates 9A-2 thru 9A-4 
Appendix D contains summary descriptions of the tests and tables 
of results.. In summary the types of tests conducted on rocks 
included density, measurements in all zones, unconfined compression 
tests, unconfined compression tests with strain measurements, 
dynamic tests, triaxial shear tests, multi-stage triaxial shear 
tests, and sliding friction tests on natural bedding joints. The 
intent is to obtain representative values for the variety of rock 
types and conditions encountered. A summary of selected properties 
follows on Table 1. Significance of individual results are 
discussed for each rock type under "Physical Rock Properties" 
paragraph 16. 
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SUMMARY OF MECHANICAL ROCK PROPERTIES 







RED 
SHALE 


GRAY 
SHALE 


BASALT 


APHANITE 


RED 

SANDSTONE 


SPECIFIC 
GRAV ITY 
(DRY) 


TESTS 
COUNTED 

RANGE 

AVE. 


25 

2.58 - 2.72 
2.66 


4 

2.61 - 2.73 
2.66 


14 

2.68 - 2.87 
2.74 


3 

2.46 -2.62 
2.54 


2 

2.58-2.73 
2.66 


UNIT WEIGHT 
(PCF) 


TESTS 
COUNTED 

RANGE 
AVE. 


25 

161 - 169.7 
166 


4 

162.9 - 170.4 
166 


14 

167.2 -175.3 
172.2 


3 

153.5-163.5 
158.5 


2 

161 -170.4 
165.7 


UNCONFINED 
COMPRESSIVE 

CTBF MPTU 

o 1 t\tnHj t n 
(PSI) 


TESTS 
COUNTED 

RANGE 
AVE. 


19 

3,242-13,100 
7,752 


4 

4,329-14,740 
8,556 


11 

5,540-13,740 
10,263 


3 

2,700-6,660 
4,090 


2 

9,350-9,536 
9,443 


MODULUS OF 
ELASTICITY 
E(psi x 10 6 ) 


TESTS 
COUNTED 

RANGE 
AVE. . 


7 

.2 - 5 
2.1 


1 

2.5 


9 

.89 -10. 
4.62 


1 

3 





NOTES: 

1. Testing is continuing 

2. See Appendix D for complete table 



15. TUNNEL GEOLOGY. 



a. Stratigraphy . The rocks along the alignment' are primarily, 
easterly dipping Triassic sandy shales/siltstones interrupted by a 
zone of basalt flows and some limited unique rock types .near .the 
basalt. The interpreted stratigraphy is shown on Plates 9A-2 thru 
9A-4 at an exaggerated scale; details are shown on geologic log 
profiles, Flates 9A-5 thru 9A-19 which are at a natural scale. 
Bedding is normally distinct and often regular to the extent that 
many marker beds correlate between boreholes. Structural anomalies 
are present as shown oh the plates. Descriptions of the -various 
significant rock types are as follows: 

(1) Red Shale/Siltstone . The dominant rock type is reddish- 
brown shale/siltstone. The shale .contains sandy phases and is 
interbedded with gray shales and thin sandstones. It is thin 
bedded and calcareous. Calcite fills the open bedding planes, 
joints, and fractures. The shales are usually well- cemented and 
moderately hard but some zones are classified as soft and weak. 
The sandy phases are mostly competant and hard to very hard. Shale 
samples from near the intake exhibited a slaking-like action when 
submerged. This is attributed to stress relief by coring (see 
paragraph 16. g) . Bedding strikes roughly north-south and generally 
dips 10° to 20° to the east but with local variations. 

(2) Gray-Black Shales . Gray and sometimes black shales are 
interbedded with the red shales. They are thin-bedded and similarly 
oriented. The beds are thinner than the red beds and were used as 
markers to correlate between boreholes. Gray shales are calcareous, 
moderately kard to soft and are similar in physical properties to 
the red shales. 

(3) Sandstones . Thin whitish to gray calcareous sandstone 
beds are common within the shales. Many sandy zones appear to 
correlate between boreholes and were used as markers. The beds are 
hard but sometimes show some solution activity and localized concen- 
trated jointing. Variations include a coarse red sandstone (arkose) 
and a thin zone of interbedded volcanic sandstone and shale that were 
encountered in boreholes FD-9T and FD-24T respectively, but in no 
other borings. 
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(4) Basalts . Basalt flows near the intake shaft are oriented 
consistent with the local stratirgaphy although structural modifi- 
cations are apparent (see Plate 9A-2) . They are usually gray and 
olive gray (locally black), slightly vesicular and non-vesicular, 
calcareous, hard and contain healed hairline fractures throughout. 
Localized broken and weathered zones occur and are noted on the 
drawings . 

( 5 ) Aphanite . This gray fine-grained to glassy rock type 
occurs in borehole FD-9T between the depths 137 and 188 feet. Its 
origin is uncertain and it occurs in zone with unresolved structural 
discontinuities. It is hard to very hard but also contains numerous 
irregular healed hairline fractures. Some zones may be slightly 
weathered and less dense. 

b. Structural Geology 

(1) Jointing . Joints were examined for characteristics in 
rock core and also logged and oriented by borehole photography. 
Detail sections on Plates 9A-5 thru 9A-19 show singificant joint 
data where available. Joint orientation and frequency data are 
still to be obtained from additional borehole photography at tunnel 
grade. The prinicple joint control applicable to each of the rock 
types is as follows: 

Shales. The primary joints in the shales are along the bedding 
generally dipping between 10° and 20°. Steeply dipping joints are 
variably distributed as strike and dip joints with irregular to 
rough surfaces and dips ranging from 70° to 90°. Many are very thin 
and healed with calcite. 

Sandstones. Specific joint sets were not identified in the 
sandstone beds and are considered for design purposes to be random 
and generally steeply dipping. 

Basalt. In borings FD-8T and FD-14T less than 10 percent of the 
joints were parallel to the trend of bedding in the shale. More than 
50 percent strike between N45°E to N45°W and dip 60° to 90°. 

(2) Folds . Folded beds appear present at station 57+50. Bore- 
hole photography detected a reverse dip of the beds in FD-22T. See 
Plate 9A-11. The photography is incomplete as the borehole has been 
deepened since being photographed. A fault is considered likely in 
this zone based on the core samples. Its presence is to be verified 
by the completed borehole photography. 
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(3) Faults . Faults are interpreted in two areas, near Station 
57+00 and between Stations 89+50 and 95+50. Other broken zones are 
as shown on the plates. At Station 57+00, the fault is based upon 
reversed direction of dip in the upper beds and an apparent shear zone. 
See Plate 9A-11. The fault is assumed to have a trend parallel to the 
basalt bodies. The extent of the fault zone has not been fixed and 

is inferred from this local geologic structure. Faulting in the zone 
between Stations 89+50 and 95+50 is suggested by the anomalous steep 
dips of upper beds and disrupted stratigraphy between basalt and shales. 
The structural interpretation is shown on Plate 9A-5 and is based on 
the rock cores, The actual structure is not known. Borehole photo- 
graphy is not considered practical as a tool to delineate further 
interpretation of the rock structure in this zone, 

(4) Weathered Zones . Weathered zones are variable throughout 

the section. Significant areas of weathering are shown on detail Plates 
9A-5 thru 9A-19 prepared from the rock core logs. 

c. Special Geotechnical Considerations . 

(1) Stations 23+00 to 31+00 . Special geotechnical considerations 
are necessary between Stations 23+00 and 31+00 where the tunnel in- 
tersects an area of thin rock cover and thick overburden and condi- 
tions at tunnel grade are described as very blocky and seamy. (See 
Plates 9A-15 and 9A-16) , Within this reach there are large scale on-lap/ 
off-lap stratigraphic "wedges" consisting of highly crossbedded and 
intercalated shale and sandstone units (from laminae to thin beds). 
Although generally classified as shale or "shaley", the units tend to 
be more brittle because of abundant limey cement. Unit apparent dips 
in the tunnel section in this reach range from 7 degrees to 14 degrees 
with local preconsolidation crossbeds to 25 degrees. Unlike conformable 
shale units which could simply slide when stressed, the unconformable 
sandy "wedges" probably developed arching and tensioning which caused 
a very blocky and seamy condition in this reach, that is a nearly 
isotropic condition. There is also minor leaching and surficial 
staining to unknown depths, but no "gouging" or other evidence of 
faulting. Generally, for design purposes there is easily sufficient 
rock to rock wall contact with no detrimental minerals or clay to reduce 
friction. The rock, however, is not tight and did take water under 
applicable head pressures to a maximum of 15 gpm per 5-foot zone 
during pressure testing - even at depth. Analysis of the above condi- 
tions with detailed core logging in. accordance with Barton, Lien and 
Lunde (Rock Mechanics 6, 189-236) utilizing rock block size, interblock 
shear strength, and active stress (a function of rock load and water 
inflow) predicts a normal rock pressure of 1,1 TSF for this reach as 
shown on Table 2 and supported by computations in Appendix E for a 
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condition described as worst average. This value is less than that 
devised by the modified Terzaghi approach presented in the Corps 
manual which would arrive at a value of 2.2 TSF. It is anticipated, 
therefore, that the only real problem in this reach may be surficial 
•palling so that some barring down and/or supplemental bolts may be 
necessary, especially where there are locally higher water inflows 
of short duration. 

(2) Stations 93+50 to 95+50 . Broken rock assumed to result 
from faulting is anticipated between Stations 93+50 and 95+50 (See 
Plate 9a-2). The mixed rock types are disrupted stratigraphically . 
Upper beds in FD-9T dip 60° and the lower beds dip 20°, consistent 
with the regional trend. RQD'S are about 30. Pressure test takes 
were 15-20 gpm. Table 2 shows that the load by the Barton, Lein and 
Lunde criteria is 1.85 TSF requiring bolts, wire mesh, and shotcrete 
for support. Criteria from EM-1110-2-2901 predict a load of 4.8 TSF 
requiring steel sets and shotcrete. 

(3) Stations 56+00 to 57+00 . A fault zone is projected into 
the tunnel from the broken zone logged in boring FD-22T at about 
Station 57+50 (See Plate 9A-11) , Loading and support considerations 
would be similar to those for the zone between 93+50 and 95+50 discussed 
above . 

16. PHYSICAL ROCK PROPERTIES , 

a * General . A table of the physical properties of the rocks 
tested along with examples of the test results and procedures are in 
Appendix D. An example of a detailed log of the rock core classified 
as to rock structure in accordance with the report by Barton Lien and 
Lunde "Engineering Classifications of Rock Masses for the Design of 
Tunnel Support" is included in Appendix A. This classification has 
been used in computing an alternate series of tunnel loading factors 
and is shown in Table 2. 

(1) Sample Selection . Samples were selected from 21 explorations 
on the tunnel alignment and were generally distributive of the area 
of tunnel section. The sample distribution of testing in relation to 
the tunnel profile is shown on Plates 9A-2 through 9A-4. Testing 
is not completed and a continued updating of the design will be made 
during plans and specifications as test data. becomes available. 
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RFCOMMFNDED HOCK LOAD CONFIGURATION 
PARK RIVER AUXILIARY CONDUIT 



Rock 

Quality 
Designation 


em-ii: 

(197 


LO-2-2901 
5 Draft) 


Barton, Lein 
& Lunde (1) 


Machine Excavation 
EMH10-2-29O1GS73 Iraft 


Depth 
Ft. 

Invert 


Est. 
Tunnel 
Length 


Water 
Inflow 

CPM/ L.F. 


Assumed 
Over- 
break 


Rock 
Stand up 
Time 


Load 
T.S.Fc 


Rec. 
Support 


Load 
T. S.F. 


Rec. 

Support 


Load 
T.S.F. 


Rec 
Support 
w/o Pre-Cast 


Best 
Avg. 
RQD-80+ 


1.1 


(utg) 

ll'B 

C.C. w/ 
1.0" s 


• 52 


(utg) 

9»B 
6'C.C. 
to Sb 
w/1.0" S 


.5 


(utg) 

10 'E 
occ. to 
6.0' ct*. 

w/l" 

S as req. 


50£ 160 
$0% 180 


8,000 


1 


8" 


6 mos 
for 
12 1 span 


Worst 

Avg. 

RQD-UO 


2.2 


(utg) 

ll'B 
2. 25' 
C.C. w/ 

2.0" S 


1.1 


(utg) 
9'B 

3.0*C. C. 

w/lO" 

s 


1.1* 


(utg) 
10 »B 

3.o«-5.o« 

C.C. w/2" 
S as Req 


150 


800 


h 


10" 


1 wk 
for 

9 ! span 


Fault 

Zone 

RQD-30 


U.8 


SS 

2.0«-ii.0» 
C.C. w/ 
3.0" S 


1.85 


tig) 
9«B 

3.0'C.C. 

w/Mr 

2"-5"S 


3.5 


(utg) 
10 'B 
3.0'C.C. 
w/3.0" 
S 


180 


300 


-50 
est 


12" 


5 hrs 
for 

1±.5' span 



(1) From Report entitled "Engineering Classification of Rock Massrs for the Design of Tunnel Support". 



B - Systematic bolting 
Sb - Spot bolting 
(utg)" Untensioned, grouted 



Key to Recommended Temporary Support Systems 

(tg) tensioned and post-tensioned CCA * Cast Concrete Arch 

S » Shotcrete Sr - Steel reinforced 

Mr - Mesh reinforced SS - Steel Sets 



TABLE 2 



(2) Density . The density of the rock averages 2.66 BSSD 
(166 pcf) for the shale and 2.75 BSSD (171.6 pcf) for the basalt. 
These rocks comprise the bulk of the rock to be encountered during 
the tunneling and these values have been utilized for design load- 
ing. Two less prominent rock types shown on the stratigraphic 
profile have densities of 2.66 BSSD (165.7 pcf) for the arkose 
(red sandstone) and 2.54 BSSD (158.5 pcf) for the aphanite which 
occurs in a limited amount in the vicinity of FD-9T. 

(3) Swell Tests . Swell tests on the shale rock core indi- 
cates a lineal expansion normal to the foliation of 0.4 of a per- 
cent in approximately 160 hours. A typical plot of the test re- 
sults is shown in Appendix D, Figure D-l. 

(4) Moisture . All physical property tests on the rock were 
conducted at the natural moisture content. All test samples of 
shale were waxed in the field to retain their natural moisture 
and were stripped immediately prior to testing, Absorption 
averaged 1.18 percent for 27 samples in the shales and sandstones 
and .566 for 15 samples of the basalt. Samples with open joints 
were tested in a wetted state to simulate the weakest load condi- 
tions. No pore pressure measurements were made during physical 
testing due to the low porosity of the rock and the lack of total 
confinement during testing. 

(5) Modulus of Elasticity and Poisson's Ratios . Elastic 
moduli and Poisson's ratios were determined as a by-product of 
the controlled testing and are indicated on Table 1 entitled, 
"Summary of Test Results" in Appendix D. Laboratory test results 
will be correlated with in situ tests for the modulus of elasti- 
city to be done using overcoring techniques and tunnel test sec- 
tion during construction. Present considerations indicate design 
values for the modulus of elasticity should be 2.1 x 10 6 psi for 
the sedimentary rocks and 4.6 x 10^ for the basalt. These values 
are the averages of all the static test results obtained in the 
testing program. Utilization of the modulus of elasticity E from 
the dynamic sedimentary rocks and a lower one for the basalt. For 
the purpose of design it is recommended that the static values for 
both Poisson"s ration and the modulus of elasticity be utilized 
for design. A summary of the dynamic and static test results is 
shown on Table 1 in Appendix D. All values for determining the 
elastic moduli and the Poisson's ratio were obtained by extra- 
polating the curves. 
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(6) Sliding Tests . Maximum normal stresses used were at 
5, 10 and 15 TSF on all sliding tests. These values representing 
a range of values within which the greatest proportion of the loads 
will fall. Cohesion values are the results of projection of the 
slopes of the shear envelope to the "0" normal stress intercept 
in accordance with ETL 1110-2-63 dated 25 June 1969. 

b. Sliding Friction . Friction tests on natural joint sur- 
face were conducted on open bedding joints in the shale. The 
average angle of sliding friction for the joint surfaces in a 
wet condition was 31.6 degrees with an average cohesion of 2.2 
TSF primarily due to undulations in the shale surface. A typical 
plot of the actual test is shown in Appendix D, Figure D-2. The 
apparent cohesion due to an undulating surface is highly variable 
depending on shale structure. As there was little evidence of 
shearing of the surface after testing, it is considered to be 

more applicable to use a zero cohesion configuration of the sliding 
envelope for design purposes. This analysis is being verified 
by conducting tests on sawed surfaces. These natural planes of 
weaknesses are the most prevalent rock structure throughout the 
sedimentary types in the tunnel and provide the principle shaping 
and load factor in excavations. This property will also be a 
determining cost factor depending on the elected method and direc- 
tion of tunneling. 

c. Triaxial Tests . Triaxial tests are incomplete, Values 
will be available for the final design. 

d. Multistage Triaxial Tests . These tests were conducted 
on steeply dipping natural joints which cross the natural bedding 
in the sedimentary rocks. This condition of test was used to 
evaluate the coefficieint of friction and cohesion along natural 
strike, dip and diagonal joints planes at varying loads. These 
joints which intersect the tunnel at random angles to the align- 
ment provide guidance in determining the load configuration on 
the tunnel support. Due to the irregular joint surfaces the 
strength values in the sedimentary rock types are generally high 
resulting in average values for friction of 30.5° degrees and 
cohesion of 97 TSF. A typical multistage triaxial test is shown 
on Figure D-8 and the test results are shown on Tables D-l of 
Appendix D. 

e. Unconfined Compression Tests . Unconfined compression 
tests were conducted with and without strain measurements, A 
typical individual test result and a table showing the test 
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results are shown on Figures D~3 through D-7 and Table D*-l in 
Appendix D. Three design factors have been determined from the 
measured strain results and the values vary considerably with the 
rock type. Tests completed to date indicate the following average 
results for the major rock types: 

Average Average Average 

Compressive Poisson T s Modulus of 

Strength Ratio (U) Elasticity (E) 

6 

Shale 7,892 psi .29 2,1 x 10 psi 

Basalt 10,263 .38 4.6 x 10 6 psi 



These test values indicate that the use of machine type tunneling 
may be feasible from the standpoint of rock strengths. The rela- 
tive high average strengths of the rock also indicate that there 
will be relatively small deformation of the tunnel walls in the 
sound rock areas during the unsupported phase of construction, 

f. Dynami c Tes t ing . Selected samples prepared for static 
testing were sonic tested at varying loads for shear and compres- 
sion wave velocities. From this testing the dynamic properties 
of the elastic and shear modulus and Poisson's ratio were derived. 
This control type testing was used to evaluate the design factors 
derived from static tests. A comparison of those test results 
shown on Table D-l in Appendix D indicate good correlation between 
tests for similar rock types and condition, This more rapid non- 
destructive and less expensive testing allows a better sample 
distribution for the variety of conditions to be encountered 
during tunneling and may provide better test control during actual 
construction of the tunnel. Compressive wave testing also verified 
the inplace field values obtained during the seismic refraction 
survey and assisted in interpretations of the rock line in the 
interbedded sandstone and shale layers . 

§• Slaking . Slaking tests are being conducted on repre- 
sentative samples of rock types. Particular consideration has 
been given to the massive shale varieties which have exhibited 
stress relief characteristics. All tests are in accordance with 
CRD-C-148-69 . Observations of bedrock surface exposures indicate 
that slaking will not be a major factor in the tunnel construction. 
Stress relief in the form of sample crazing when immersed in water 
after air drying has been noted in several shale samples. Total 
fracturing of the sample takes place in a 3/4 to 1-inch pattern 
as is shown in Figure D-9 in Appendix D. This condition was 
noted in a low percentage of the samples and is not considered 
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to be a major factor during tunnel construction when relief stresses 
will be confined by the tunnel walls. The associated sp ailing is 
considered to be within the control of a shotcrete program. 

17 . HYDROLOGY . The groundwater surface has been measured at all 
explorations during drilling. Representative boreholes have been 
used to monitor long term fluctuations of the groundwater surface 
either with piezometers or as open boreholes. See Table C-l in 
Appendix C. Prior to installations of observation wells, borings 
were pressure tested in 5-foot zones; representative large dia- 
meter borings were pump tested to determine a stabilized in^flow 
capacity. Additional pressure testing is being conducted and multir- 
level piezometers will be installed to obtain a true hydrostatic 
pressure gradient at tunnel grade. Observation wells have indi- 
cated a rapidly fluctuating water table in the overburden which 
probably is not representative of the actual hydrostatic condi- 
tion at tunnel grade. The results of the additional testing will 

be incorporated in the final design. Present results of pressure 
testing utilizing procedures recommended in the draft of EM 1110- 
2-2901 dated December 1973 Indicates that water inflow during tun- 
neling will be low averaging less than 3 gpm per lineal foot of 
untreated tunnel for the major portion of the tunnel alignment 
(See Figure 3, Appendix E) . The required shotcrete surface is 
expected to reduce this value to a minimal value but the effec- 
tiveness of the water control will depend to a large degree on 
the method of tunneling selected for the contract. Results of 
pressure testing are shown on the geologic log profiles Plates 
9A-5 through 9A-19 and on the individual boring logs. Pressure 
pumping is continuing, however, preliminary results indicate a 
relatively low average yield of 11 gpm at a drawdown averaging 
33 feet. Pump test results are shown on Table C-2 in Appendix 
C. Based on these results the drawdown of the water surface above 
the tunnel is expected to be minimal and mitigated by normal longi*- 
tudinal recharge from the area. Further analysis will depend on 
the results of the multilevel piezometers presently being installed, 

18. GEOLOGIC FACTORS AFFECTING TUNNELING . The tunnel shape and 
load configuration is dependent upon the regional conditions of 
bedding dip and rock structure as depicted on Plates 9A*-5 through 
9A-19. Anticipated load factors for the rock conditions and 
tunneling methods are shown on Table 2 in Paragraph 15c. Alter- 
nate methods of determining load factors which vary according 

to the degree of sophistication of the input data are also indi-^ 
cated for consideration in evaluating the most practical support 
system. Rock conditions have been grouped into three categories 
for the purpose of design as shown on Table 2. Actual conditions 
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are expected to exceed the best average condition in most of the 
tunnel. In the poorer zones no tunneling condition is expected 
to exceed the load requirements defined by the fault zones. The 
length of these zones do not have a finite extent although the 
rock structure indicates that the fault zones do not have great 
lateral extent normal to the fault line. 

a. Tunneling Methods . The method of tunneling will affect 
to a large extent the tunnel condition and permanent rock loads. 
As is indicated in Table 2, load factors due to rock loosened 
during tunneling may be reduced by as much as 50% in the major 
portion of the tunnel with machine excavation. 

b. Standup Time . Standup time will also depend largely 
on the controls exercised during excavation; however, using an 
analysis outlined in a report by Bieniawski entitled "Engineer- 
ing Classification of Jointed Rock Masses," the following stand- 
up times are determined for the three rock conditions shown in 
Table 2. 

Best average condition 6 months for 12^-foot span 

Worst average condition 1 week for 9-foot span 
Fault zone 5 hours for 4.5-foot span 

This condition is defined by two parameters which consider an 
unsupported span of rock and the time that it takes this span to 
fail. The active unsupported span is defined as either the width 
of the tunnel or the distance from the support to the face of 
the tunnel if this is less than the tunnel width. 

c « Jointing . The high strength irregular surface joints 
are expected to have a minimal effect on the tunnel configuration 
with regard to either load or shape, The frequency and orienta- 
tion of these joints have been indicated by the joint rosettes 
for some borings shown on Plates 9A-5 through 9A-19 and have been 
given consideration in the Barton, Lien and Lund analyses (See 
Appendix E where these strength factors have a strong influence 
on rock loading, 

19. TUNNEL DESIGN FEATURES . 

a * General . Three load configurations have been determined 
for the rock structure and the rock loads determined as shown in 
Table 2. The more sophisticated method of determining rock loads 
by Barton, Lein & Lunde based on actual test data values has been 
included to determine if any ultimate sayings in design is rep- 
resented by the more detailed analysis method. When reduced load- 
ing has been assumed for a machine type excavation, the load factors 
have been reduced in accordance with support factors described in 
Table 3-3 of draft EM 1110-2-2901. 
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b. Excavation Conditions . Excavation conditions will be 
largely determined by the construction method elected. Primary 
control for water inflow and slaking for conventional excavation 
methods will be provided by shotcrete without mesh, the thick- 
ness varying with the ground conditions. No shotcrete is anti- 
cipated if the construction is by machine excavation with precast 
lining. The grouted lining will provide the necessary control 
for reducing water inflow and any spalling within a short distance 
of the heading, not to exceed the stand-up time. The direction 

of excavation will be a significant factor in the excavation and 
support difficulties. Although the normal direction would be 
upgrade and updip (in regard to rock structure) to allow a dry 
heading, tunneling downgrade under a previously supported roof could 
improve tunneling conditions and excavation rates. This method 
may be given increased considerations due to the relatively low 
water inflow indicated by pressure and pump test data, Assumed 
overbreak has been based on review of the rock structure for the 
particular sections and their fracture characteristic for conven- 
tional excavation. (See Table 2). 

c. Support . Recommended support based on geologic considera- 
tions has been indicated in Table 2. These recommended support 
methods allow for maximum flexibility within short sections where 
they may be modified to treat conditions as they exist on a per 
shift basis. Computations are shown in Appendix E for the three 
ground conditions. The basic design is based on recommendations 

of the modified Terzaghi method as outlined in the draft EM 1110- 
2-2901 with resulting loads as indicated in Table 2, 

d. Lini ng . The lining x-section is determined by structural 
analysis of such governing factors as required permanent rock load 
support and hydrostatic water pressures. Further analysis of hy- 
drostatic water pressures may reduce the height of the natural 
groundwater surface above the tunnel crown. This factor will be 
further analyzed based on the results of piezometers presently 
being installed. Grouting of the lining appears limited by de- 
sign to that necessary to close voids resulting from overbreak 

at the tunnel crown for the conventional method of excavation. 
Peripheral grouting will be continuously required for the precast 
type lining design. The grouting of the precast lining will be 
continuous and follow immediate to the lining installation. 

e. Treatment of Water . A special treatment of structures 
will be required in limited highly broken fault zones where higher 
water inflows may require panning and diversion of water prior 

to shotcreting. Steel support spacing will be further adjusted 
as necessary to meet the existing load conditions. Treatment of 
water inflow by shotcrete application is recommended to prevent 
or reduce drawdown of the water table beneath surface structures 
above the tunnel. Further control will be exercised during con- 
struction by monitoring shallow observation wells in the area 
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of critical structures and providing alternate methods of recharg- 
ing the water table as necessary to prevent unnecessary settlement. 
Control of water inflow of critical areas by grouting ahead of 
and during the tunnel construction will allow further reduction 
of any localized areas of high water inflow. 

f. Vibration Controls . Controls will be exercised through- 
out the work to prevent overstressing any of the surface structures. 
Some urban structures may require a preconstruction survey to 
determine safe vibration levels for that particular structure. 
Construction controls would then be exercised to prevent safe 
vibration levels from being exceeded during the prosecution of the 
work. 

g- Tunnel Instrumentation. This phase of the project is 
primarily divided into three phases. Phase I will address the pre- 
construction determination of existing stree magnitudes and directions 
along the prosed tunnel center line. Phase II will cover the moni- 
toring of the excavation during construction and the verification of 
data obtained in Phase I. Phase III will consist of post-construction 
monitoring of the completed project. The work anticipated to be ac- 
complished in each phase is as follows: 

(1) Phase I . This work will consist of in situ stress 
measurements made by overcoring or similar techniques from the 
ground surface. The effectiveness of the first installation will 
determine the need for or the practicality of a second installa- 
tion. A second test to be conducted, if practical, in the same 
exploration would be the field testing of a mechanical fracturing 
device to measure in situ stresses. The device is presently being 
built for the Waterways Experiment Station. Present plans require 
that the cost of this testing would be jointly shared by Water- 
ways Experiment Station, U.S.. Department of Transportation and 
New England Division. 

(2) Phase II . This work will be carried out under the 
construction contract and is presently scheduled to be a tunnel 
section approximately 100 feet in length and consist of three 
instrumented stations containing borehole extensometers , pore 
pressure transducers, load cells, convergence points and strain 
meters. In addition, a microseismic survey would be conducted 
along each tunnel wall. The purpose of this section would be to 
evaluate the reliability of the predesign test data and modify 
the tunnel construction and design to take advantage of any 

actual proven conditions in the remaining portion to be constructed. 
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This proposal is in line with the recent suggestion for tunnel 
test sections as recommended in the paper by K.S. Lane entitled 
"Field Test Sections Save Costs in Tunnel Support" and as discussed 
in "Conference on Application of Rock Mechanics to Tunnel Design," 
Reference Paragraph 23,a(6). 

(3) Phase III . This monitoring work would be of limited extent 
and conducted through readouts from the ground surface. The purpose 
would be to conduct the studies for 3 to 6 months or until such 
time as the tunnel is filled, the ground arch stabilizes and the 
permanent stress is transferred to the lining. 

20. CONDITIONS OF SPECIAL ENGINEERING SIGNIFICANCE . 

a. Geologic Condi tions . Geologic conditions at tunnel grade 
appear suitable for the use of mechanical excavation equipment 
incorporated with precast tunnel lining sections. The utiliza^ 
tion of such systems would allow for immediate installation of 
the tunnel thus reducing the period of the tunnel serving as a 
drain beneath the city. Machine excavation would have lesser 
vibrations than those caused by conventional drill and blast methods, 

b. Hydrologic Conditions . Hydrologic conditions may result 
in relatively low inflow of water during excavation. To a large 
extent this may allow the tunnel Contractor to proceed downslope 
with a minimum of pumping. This condition could improve the tunnel 
support conditions and result in reduced temporary support through 
driving down the prevailing dip of the rock structure, 

c. Special Support Requirements . A relatively unstable con- 
dition of the rock is predicted between Stations 93+50 and 95+50 

in the tunnel intake area. Due to the critical unstable nature 
of surface slopes in this area a maximum amount of steel support 
has been allowed. This area may also require the necessity of 
pregrouting before excavations to reduce uncontrolled inflow and 
settlement of the ground surface. 

21. RECOMMENDATIONS . Based on the detailed geologic study and 
available tests data it is recommended that consideration be given 
to utilizing tunnel design and load factors provided under the 
more sophisticated systems of Barton, Lien and Lunde, The Ter- 
zaghi classification (1946) while dominant in the USA for over 

25 years and excellent for the purpose for which it was evolved 
is basically applicable to tunnels with. steel supports and is 
not as suitable for modern tunneling methods using shotcrete anfj 
rock bolts. Calculations of a series of load configurations for 
this design indicates that the Terzaghi classification generally 
results in overdesign of rock conditions not requiring steel for 
temporary support. All factors assumed for design purposes will 
be verified by a tunnel instrumented section during construction. 
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D. STRUCTURAL DESIGN CRITERIA 



22. PURPOSE AHD SCOPE . This section presents the design criteria, 
basic data and assumptions made in the structural design of the 
Auxiliary Conduit Tunnel. Typical design computations are included 
in Appendix F. 

23. DESIGN CRITERIA . 

a * General . Allowable stresses, loading conditions, design 
assumptions and other criteria were based on applicable parts of the 
following references. Detailed criteria is given for each of the 
major construction materials. 

(1) Working Stresses for Structural Design, 
EM 1110-1-2101, 1 November 1963. 

(2) Engineering and Design, Tunnels and Shafts in Rock, 

EM 1110-2-2901, Draft December 1973, plus revised update of 
5 November 1976. 

(3) Standard Practice for Concrete, 
EM 1110-2-2000, 1 November 1971. 

(4) Details of Reinforcement - Hydraulic Structures, 
EM 1110-2-2103, 21 May 1971. 

(5) Conduits, Culverts and Pipes, 
EM 1110-2-2902, 3 March 1969. 

(6) Memorandum, "Conference on Applications of Rock Mechanics 
to Tunnel Design", held at New England Division on 28 and 
29 January 1976, and first indorsement DAEN-CWE-G dated 
15 March 1976. 

(7) Rock Mechanics in Engineering Practice", Stagg and Zienkewicz 
John Wiley and Sons, Ltd., Publishers. 

b. Concrete . Concrete working stresses are in general accordance 
with ACI Standard Building Code Requirements for Reinforced Concrete 
(ACI 318.63) as modified by EM 1110-1-2101. Concrete with a minimum 
ultimate compressive strength of 4,000 pounds per square inch was 
selected for design of the cast-in-place liners as recommended in EM 2902. 
Concrete with a minimum ultimate compressive strength of 5,000 pounds per 
square inch was selected for design of the precast liner. Following is a 
listing of maximum working stresses for the concrete as used in design of 
the tunnel liner. 
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Flexure (extreme fiber in 

compression) 
Flexure (extreme fiber in 

tension) 
Average Compressive Stress 
Principal Diagonal Tensile 

Stress 

c. Steel Reinforcement , 

(1) General . Details of reinforcement will be in accordance 
with EM 1110-2-2103, Details of Reinforcement - Hydraulic Structures. 

(2) Grade and Working Stress . All reinforcement is designed 
for a working stress of 20,000 P.S.I, in tension. The reinforcement 
will be deformed bars made of new billet steel, intermediate grade 
(ASTM A-615, Grade 40), conforming to Federal Specification QQ-S-632C, 
Type II, Class B40. 

(3) Sp acing . The clear spacing between parallel bars will 
not be less than 1-1/2 times the nominal diameter of the bars except 
that in no case will the clear distance between parallel bars be less 
than 1-inch or 1-1/2 times the maximum size of the coarse aggregate. 

(4) Minimum Cover for Reinforcement . A minimum clear dis- 
tance of 3 inches will be specified between the inside face of the 
liner and the inside ring of main transverse reinforcing. A minimum 

clear distance of 2" will be specified between the outside transverse \^ 
reinforcing and the shotcrete surface for cast-in-place liner. A 
minimum clear distance of one inch will be specified for the outside 
transverse reinforcement in the precast liner. 

(5) Splices . Lap splices will be in accordance with 

EM 1110-2-2103 and the ACI Building Code. Tension lap splices will 
be staggered longitudinally so that no more than one half the bars 
are spliced at any section within the required lap length. Splices 
will not be made at points of maximum stress. No reinforcement bars 
larger than No. 11 will be required. 

(6) Temperature and Shrinkage Reinforcement . Longitudinal 
temperature and shrinkage reinforcement will be provided in the tunnel 
liner. The reinforcement will provide for a minimum ratio of steel to 
design concrete area of .0025 at the inside face of the cast-in-place 
liner. The same percentage of longitudinal reinforcement will be 
provided as distribution steel and in the precast lining and will be split 
between the inside and outside faces. 

(7) Minimum Flexural Reinforcement . Where transverse rein- 
forcement is specified the amount specified will provide for minimum 
ratio of steel to design concrete area of .0025. Transverse rein- 
forcement on the inside face of the liner will be continuous in the 
cast-in-place liners. * 



f c ' = 4000 P.S.I, f c ' = 5000 P.S.I. 



1800 P.S.I. 2250 P.S.I. 

102 P.S.I. 113 P.S.I. 

1000 P.S.I. 1250 P.S.I. 

126 P.S.I. 141 P.S.I. 
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d. Structural Steel . Full circle ring beams will be ASTM A36 
steel. They have been proportioned on the basis of a maximum allowable 
fibre stress of 26,200 p.s.i. (0.73 fy) as provided in EM 1110-1-2101 
for temporary loading. 

e > Shotcrete . Shotcrete will be specified in conjunction with 
both rock bolt and steel ring beam rock support systems. The shotcrete 
will prevent slaking of the rock face, control seepage, stabilize rock 
fragments and provide supplementary lateral support for the steel ring 
beams. Generally the shotcrete will be applied to the entire rock 
surface above the tunnel springline. It can be applied before rock 
support systems are installed where immediate seepage control is 
required and where it is safe to do so. It will also be applied below 
the springline for control of water in limited reaches with large 
inflows. Temporary drains will provide relief through the shotcrete 
coating to control seepage during application until sufficient strength 
has been obtained. Shotcrete thickness of 1, 2 and 3 inches will be 
specified depending on the rock condition encountered. The 1-inch 
thickness will be used with the nominal rock bolt pattern, a 2-inch 
thickness with the heavy rock bolt pattern and 3 inches in conjunction 
with steel ring beam supports. Wire mesh reinforcement of the shotcrete 
is not considered necessary for thicknesses specified and use intended. 
Prior to application the rock surface will be cleaned by water jet. 
The required thickness will be built up in two layers and will be applied 
by the dry mix process. Shotcrete strengths of 500 p.s.i. and 3,000 p.s.i. 
at 8 hours and 28 days respectively will be specified. 

f * Rock Bolts . Rock reinforcement will consist of resin type rock 
bolts 11 feet in length at a maximum spacing of 4.5 feet on center. The 
length of bolt is set in accordance with Table 3-7 Item C, 3 of draft 
EM 1110-2-2901. The anchors will be No. 10 reinforcing bars with a 
threaded end, bearing plate and nut. Tensioning the bolts after instal- 
lation is not considered necessary as long as the plate is bearing on 
the rock. A minimum pull out strength of 30,000 pounds will be specified 
and field test will be required before a proposed bolt is approved for 
production bolting. 

g. Increase in Normal Working Stress . A one-third increase in the 
allowable stresses has been permitted in the permanent concrete lining 
for the construction and maintenance condition. This condition assumes 
full external water pressure with the tunnel empty combined with rock 
loading. 

h. Control Joints . The cast-in-place tunnel lining will be placed 
in 30-foot long monoliths. The control joints between placements will 
have continuous plastic or rubber waterstops. The longitudinal rein- 
forcement in the liner will be continuous through the joints. 
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i. Precast Liner . Precast liners, if selected, will be con- 
structed of reinforced concrete. Minimum ultimate compressive strength 
of 5,000 p.s.i. will be specified. The liner will be cast in eight 
segments, transported to the site and erected. The segements would be 
approximately 9 feet in length cicumf erentially and a minimum of 3 feet 
in width. Joints in adjacent 3 foot wide sections will be staggered. 
The ends of each segment will be coated with a sealant which will be 
compressed during installation and will remain in compression under all 
conditions of loading. Latitude will be given to the successful bidder 
to propose alternate precast details for consideration. 

j* Grouting . Grouting of the interface between the concrete 
liner and the rock or shotcrete surface will be required with either 
the precast or cast~in-place alternates. Consolidation grouting of 
the rock will not be required and grouting pressures will be nominal. 
Grout pipes and relief ports will be provided in the crown of the 
cast-in-place liner and along the entire circumference of the precast 
liner. Location of grout pipes are indicated on the tunnel cross 
sections shown on Plates 9A-21 and 9A-22. 

24. BASIC DATA AND ASSUMPTIONS. 



a. 



Controlling Elevations . 



Tunnel invert at intake end (Sta. 7+25) 

Tunnel invert at out oulet end (Sta. 98+20) 

Maximum River Stage at Outlet 

Maximum hydraulic gradient at inlet 

Finished ground at inlet end 

Ground water at inlet end 

Finished ground at outlet end 

Minimum ground over tunnel (Sta. 28+0)* 

Minimum ground water over tunnel (Sta. 28+0)* 

Invert of tunnel at Sta. 28+0 



-94.88 
-146.43 



-135.44 



42.0 
46.7 
48.0 
25.0 
16.0 
17.0 
12.0 



*Within protected area 



b. 



Dead Loads 



Concrete 
Rock 



150 P.C.F. 
175 P.C.F. 



c. 



Live Loads 



Water 62.5 P.C.F. 

Contact Grout Pressure* 15.0 P.S.I. 



*At nozzle 
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d. External Water Pressure . The level of groundwater in the 
vicinity of the conduit will vary from approximately 150 to 180 feet 
above the tunnel invert. The groundwater level generally varies with 
the ground surface decreasing to its minimum level at the river. It 
is assumed that pressure on the tunnel liner from external water will 
always exist after construction regardless of the permeability of the 
rock mass. Measurements of hydrostatic pressure in the rock will be 
made both prior to arid during construction as an aid in planning con- 
trol measures. The buoyancy effect resulting from the difference in 
external pressure between the crown and invert causes bending in 
addition to the normal thrust on the liner cross section and has been 
considered. 

e. Internal Water Pressure . The auxiliary conduit tunnel will be 
completely full when in operation. The internal pressure on the tunnel 
lining will be determined by level of water at the intake and outlet 
shafts. During peak flows in the Park River the intake end of the 
tunnel will be subjected to a maximum internal pressure equal to the 
maximum hydraulic gradient in the junction structure. The internal 
pressure at the outlet end will be determined by the level of the 
Connecticut River at the outlet shaft. The ground area over the tunnel 
is protected from river flooding by a system of floodwalls and dikes 
thereby allowing the pressure inside the tunnel to rise with the river 
level above the level of ground water outside the tunnel. A maximum 
net internal pressure equivalent to a height of water of 30 feet will 
occur at the location of minimum ground water elevation when the river 

is at maximum flood stage. According to analysis discussed later in this 
memorandum, this pressurized condition will not require a steel lining 
on the inside surface of the concrete liner. The possibility of hydro- 
static pressures in the rock being substantially below the pressures 
which would result from observed ground water levels has been considered. 
Such an occurrence would result in higher internal pressures than dis- 
cussed above. However, it is not likely that long reaches of the rock 
will exist without intercepting water bearing joints. The pressure of 
this water once introduced will always exist between the rock face and 
the concrete liner at least to the level of normal river water. If a 
lag should exist between an increase in river stage and hydrostatic 
pressure in the rock it would most probably occur in the more competent 
rock (rock with rock quality designation greater than 65) which would 
offer greater restraint (higher modulus of deformation) to the liner 
than assumed for design. It is concluded therefore that the 30 feet of 
differential head discussed above represents the maximum internal pres- 
sure for which the finished tunnel liner should be designed. 

f. Rock Loads . Rock loading on the roof of the tunnel was deter- 
mined from the geologic investigations discussed earlier. For purposes 

of determining temporary support systems and designing the permanent liner, 
three rock conditions were considered. The rock loadings have been classi- 
fied for ease of reference by the type of temporary support required by each 
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The best average rock condition is referred to as that requiring 
nominal rock bolt support and is assumed to exert a vertical loading 
of 0.5 T.S.F. (approximately one-quarter a tunnel diameter of rock) 
on the tunnel roof. This condition is the most prevalent of the three 
and is expected along approximately 88% of the tunnel length. The 
second condition of rock, worst average, that requiring heavy rock 
bolt support, is assumed to produce a rock load of 1.1 T.S.F. and 
exists along a reach of tunnel approximately 800 feet in length between 
Stations 23+00 and 31+00 as indicated on the geologic profiles. The 
third rock condition is that requiring structural steel sets for a 
rock loading of 2.4 T.S.F. and is that condition expected to be en- 
countered in the fault zones in the vicinity of stations 57+50 and 95+50. 
The rock loads noted above are those used in design of the cast-in-place 
liner with drill and blast excavation. For design of the liners with 
mole excavation rock loadings have been reduced to 0.25 T.S.F., 0.7 T.S.F. 
and 1.75 T.S.F. for the nominal rock bolt, heavy rock bolt and structural 
steel set rock support systems respectively. These reductions in load 
reflect the advantage gained from machine excavation in accordance with 
Table 2 in Section C, Geotechnical Design. The rock loading assumptions 
above, derived from rock core observations and seismic investigations, 
will be verified by or corrected for results of instrumentation installed 
in the test tunnel section during construction. 

g. Grouting Pressure . A pressure of 15 p.s.i. was assumed for 
contact grouting in design of the tunnel liner. This pressure applied to 
precast liners will insure the liner remains in compression under net 
internal head conditions. Grouting pressure on the precast liner will be 
applied to the full ring to control stresses which would occur under 
partial loading. 

k* Excavation . Excavation for the Auxiliary Conduit will be either 
by convential drill and blast or by tunneling machine (mole). Excavation 
by tunneling machine will be required if the precast permanent liner alter- 
native is selected. For the cast-in-place drill and blast alternate a mini- 
mum line of excavation and a payment line for excavation has been established 
The minimum line of excavation, the "A" line, is that line beyond which no 
unexcavated material shall remain. The "B" line is established as that line 
within which measurement for payment of excavation will be made. The dis- 
tance between the "A" and "B" has been varied with the type of temporary 
rock support required and represents a reasonable estimate of the average 
overbreak expected in the three rock conditions as defined in this memorandum 
A theoretical volume of shotcrete, computed on the basis of tunnel length, 
"B" line diameter and required thickness of shotcrete will be deducted from 
the concrete quantitites for payment. The volume of concrete measured for 
payment will be that lying between the inside liner surface and the "B" line 
reduced as noted above. For the machine tunneling alternatives, excavation 
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will be required within a minimum diameter which will provide an 
annular space between the outside of the liner and the excavated rock 
surface. The annular space will allow for back packing and grouting 
in the case of a precast liner and for temporary rock support systems 
for the cast-in-place liner. No "A" or "B" lines will be established 
for the machine tunneling alternatives and excavation will be paid on 
the basis of price bid per linear foot of tunnel. 

i. Rock Modulus . For purposes of analyzing stresses in the 
concrete liners a foundation modulus of 1,000 K.C.F. (580 P.C.I.) for 
the rock was assumed. 
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E. PREPARATION OF DESIGN COMPUTATIONS 



2 5. GENERAL . The tunnel lining and steel supports were analyzed 
by computer utilizing the program "Tunnel," as described in 
Technical Report C-73-2, "Computer Study of Steel Tunnel Supports" 
by. U.S. Army Engineers Waterway Experiment Station. The program 
uses the ' stiff ness matrix method of solution and provides for the 
interaction of rock and supports. A support modulus is computed, 
relating the liner or support stiffness to the foundation modulus 
for the rock, and given as program input together with geometry, 
section properties and loading. Representative printouts of com- 
puter input and results are included in Appendix F for the cast- 
in-place drill and blast and the precast liner alternatives, 

26. TEMPORARY ROCK SUPPORT . 

a. General . Temporary rock support systems have been selected 
for the three rock conditions described previously and details 

of each for the drill and blast alternative have been shown on 
Plate 9A-21. The tunnel reaches along which use of each of the 
systems is anticipated for design purposes are indicated on 
Plates 9A-5 through 9A-19. The limits of use of each system 
of support qan be altered during construction when actual rock 
conditions are discovered. Temporary rock supports will be re-- 
quired only if a cast-in-place , alternate is selected and will 
provide the primary rock support for periods of up to one year 
pHor to placement of the permanent lining. The precast alternate, 
if selected, will be installed immediately behind the tunnel head*- 
ing. Timely backpacking and grouting will preclude the need for 
temporary support. A thin application of shotcrete may be re-- 
quired for the precast alternate in very limited areas of short 
stand-up time or when delays in lining operations are encountered. 

b. Steel Ring Beams . Steel ring beams -will be specified 
for temporary rock support in the fault zones which intercept the 
tunnel alignment. The beams have been designed to support the 
vertical rock loadings of 2.4 TSF and 4.8 TSF at longitudinal 
spacings of 4 feet and 2 feet respectively. The beams will be 

full circular and will most probably be fabricated in four segments. 
Splices between segments will consist of bolted webs and welded 
flanges. Longitudinal bracing between ring beams will be required 
at a maximum spacing of five feet. Additional lateral support 
will be provided by the shotcrete coating required in conjunction 
with ring beams. The rock loadings input to the computer were 
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derived from resolution of vertical loadings into radial and 
tangential forces. The tangential for.ce was limited to that 
value produced by friction equivalent to an angle of 25 degrees 
with the horizontal. The resolution of the radial forces into 
vertical and horizontal components provided the loadings for the 
computer analysis. Blocking points were assumed to be at 48 inches 
on center. Blocks were assumed to be 12-inch thick oak with a 
surface area of 8 inches by 10 inches in contact with ring beam 
flanges, for the purpose of computing a support modulus. The 
controlling stresses in the ring beams occur at the crown of the 
tunnel, where maximum moment is coincident with minimum axial 
force from the rock loading. An 8W67 beam was selected for all 
areas where structural steel supports are required. Variation 
in actual rock conditions encountered during construction will be 
accommodated by varying the longitudinal spacing of beams, holding 
a maximum spacing of 4 feet wherever their use is directed. The 
3-inch thickness of shotcrete to be specified will make the use 
of lagging unnecessary. 

c * Rock . The spacings and lenghth. of rock bolts have been 
determined based on the tunnel span. Although no initial prestress 
of the rock face is considered to be necessary under the present 
design the diameter of the bolts (l-l/8-inch) was selected based 
on its ability to develop a passive force of 6.3 psi normal to 
the rock face, with the maximum spacing of bolts, at a stress 
not exceeding three quarters of its yield strength. A yield 
strength of 50,000 psi was assumed for design and the specifica- 
tions will require that the bolts be field tested to this stress 
prior to final determination of bolt size and type. Bolting 
patterns developed for the cast-in-place drill and blast alterna- 
tive are shown on Plate 9A-21, 

Shotcrete. Shotcrete coatings specified for the tunnel 
are intended, as previously stated, to prevent slaking, control 
of water and for safety of personnel. They are used with adequate 
temporary rock support systems and will not function as primary 
support. No attempt was made at a rational design. The thick- 
nesses given, 1, 2 and 3 inches for the respective support systems, 
were selected empirically after review of available literature 
including Report No. S-76-4, "State of the Art Review of Shotcrete," 
prepared for the office of Chief of Engineers, 
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27. PERMANENT LINING. 



a. General . The permanent linings, cast-in-place and precast 
have been designed to withstand all loadings. Rock support systems 
are considered to be effective in limiting loss in strength of 

the rock mass and the loadings selected for the liners reflect 
this. The steel ring beams are considered to act as reinforcement 
steel when cast into the permanent liner. The minimum design 
thickness of 13 inches for the cast-in-place lining was selected 
to provide a clear space of 9 inches at the crown for placement 
of concrete by slick pipe. Specific loading conditions, analysis 
and design procedures used for each of the alternate linings are 
discussed below. 

b. Cast-in-Place Liner. 



(1) Loading Conditions , The loading conditions considered 
in design of the cast-in-place tunnel liner are as follows: 



Full external water head, including internal 
water pressure 
Full rock load, no water 

Full external water and rock load combined 
including internal water pressure 
Grout pressure only 

Construction and maintenance condition; full 
external water head and rock load with no 
internal water pressure combined with allow- 
able stresses increased by one third. 

The weight of the liner is included for all loading conditions. 
For loading Condition 1 - external and internal water heads of 150 
and 180 feet above the invert respectively, were assumed, This 
combination of water heads resulted in the maximum axial tensile 
force on the liner cross section, occurring at Station 28, and 
when combined with rock loading in Condition 3 becomes the critical 
condition for design of tensile reinforcement steel in the liner. 
An alternate combination of. water heads was assumed for loading 
Condition 1 resulting in a net external head of 85 feet. This net 
external head when combined with rock loading in Condition 3 pro- 
duces the maximum fibre stress in the liner for comparison to al- 
lowable stress without increase. Maximum average compressive 
stresses are produced by loading Condition 5. . Loading Conditions 
2 and 4 did not produce critical stress conditions in the liner. 
The average and maximum compressive stresses and stresses in rein- 
forcement steel under the various loading conditions are tabulated 
in Appendix F. 



Condition 1 - 

Condition 2 - 
Condition 3 - 

Condition 4 - 
Condition 5 - 
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(2) Analysis and Design . The computer analysis referred 
to above assumes the cast-in-place liner to be a continuous ring 
interacting with the surrounding rock. Stresses in the liner were 
checked at critical locations for the combinations of moments and 
axial load produced by the various conditions of loading. The 
transformed area method of computation was used in computing stresses 
in cracked sections. Thicknesses of 13 and 19 inches were assumed 
for design of the liner with rock bolt and structural steel supports 
respectively. This discounts the thickness of allowable shotcrete 
encroachment inside the "A" line. The tensile stress in the con- 
crete liner will be below the allowable tensile stress for concrete 
alone under a net internal head of 30 feet for loading Condition 
1. No tensile cracking of the concrete liner will result therefore, 
and steel lining of the concrete liner is not necessary to control 
leakage from the tunnel during maximum pressure conditions. The 
amount of transverse reinforcement at the crown varies with the 
rock loading and analysis indicates No. 7 bars at 12 inches, No. 
9 bars at 12 inches and No. 8 bars at 6 inches are required for 
the 0.5 TSF, 1.1 TSF and 2 TSF rock loadings respectively for the 
drill and blast alternate. Transverse reinforcement will be con- 
tinuous around the full circumference of the liner on the inside 
face. The area of the ring beams is utilized as concrete rein- 
forcement in the heavy rock loaded area. Printouts of computer 
analysis for the various loading conditions and design computa- 
tions for the cast-in-place drill and blast alternative have been 
included in Appendix F. Loading, momerat and thrust diagrams have 
been shown on Plate 9A-20. Rock loadings shown for loading condi- 
tions 2 and 3 and 5 are those for the drill and blast excavated 
nominal rock bolt supported sections. 

c. Precast Liner, 

(1) Loading Conditions. The loading conditions for the 
precast liner are the same as those outlined for castrin-place 
liner. The rock loadings for mole excavation have been used for 
design of the precast segments as explained in the paragraph on 
rock loads. The net internal pressure case of loading Condition 
1 is not valid for analysis of the precast liner due to its ina- 
bility to carry axial tensile forces, Grouting pressures (Case 
4) around the circumference of the liner will be utilized to insure 
the liner segments remain in compression under this condition. 
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(2) Analysis and Design . The precast liner is analyzed as 
an eight segment circular member connected by pins incapable of 
transmitting momemt between segments. The liner is assumed to 
interact with the surrounding rock. Two orientations of segment 
joints were investigated for the various loading conditions. 
One position assumes a segment spanning the crown and the second 
position has the joints rotated 22.5 degrees with a joint occurring 
at the crown. The joint position spanning the crown governed 
design in all cases. 

An ultimate concrete strength of 5,000 psi will be specified 
for the segments to be used in all reaches of the tunnel. De- 
tails of the segments and their reinforcement are shown on Plate 
9A-22. Stresses in the liner segments for the various conditions 
of .loading are tabulated in Appendix F. 
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F. CONCRETE MATERIALS 



28. CONCRETE MATERIALS . The basic concrete materials investigation 
set forth in Design Memorandum No. 4 is applicable for the total project 
and therefore for both phases of construction. Design Memorandum No. 4 
and its indorsements provide all information required by EM 1110-2-2000 
"Standard Practice for Concrete" for both phases of construction and no 
updating of information has been found necessary. Design Memorandum 
No. 4 and its indorsements states that fine and coarse aggregates from 
three commercial sources in the area be listed as approved sources in 
the specifications for each of the two construction phases of subject 
project. This is still the case and these three approved sources will 
be listed in project specifications for Phase II construction. One of 
the three sources, The Balf Company, has been selected by the Contractor 
for use in Phase I construction. The Phase II project will require a 
concrete plant with a production capacity of 65 cubic yards per hour, 
which is well under the capacities of the commercial plants operating 
in the area. Concrete will be centrally mixed and delivered to the 
project site and placed in hoppers connected to a drop pipe connecting 
from ground elevation to tunnel elevation. Drop pipes will be approxi- 
mately twelve inches in diameter and located at the inlet and outlet 
shafts and also at each of the two storm drain shafts. Using these 
four locations the maximum placing distance from a drop shaft would be 
approximately 2,000 feet. Concrete will be collected from the drop pipe 
by an agitating hopper at tunnel elevation and then transferred and 
placed by pump, or conveyed to a pump for placement by high speed con- 
veyer belts or rail cars with screw type feeders. If the precast liner 
alternate is selected, concrete aggregates used in the production of 
the precast units must be from one of the three approved aggregate 
sources, or, as in the case of cast-in~place concrete, from a source that 

is equal or better in quality than that of the poorest of the three 
approved sources. Specifications for the precast segments will require 
that cements and other applicable controls be the same as those required 
for cast-in-place concrete as stated in Design Memorandum No. 4. 
Materials for use in shotcreting shall be required to conform to require- 
ments of ASTM-C-33 and can be supplied by any of the nearby commercial 
sources of aggregate. 
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G. CONSTRUCTION SCHEDULE 



29, CONSTRUCTION SCHEDULE . 

a. General. The Box Conduit feature and the Auxiliary Conduit 
feature are sufficiently different and independent such that con- 
struction can be initiated independently. Construction of the Box 
Conduit was initiated in July 197& and will run for a period of 4 
construction seasons (3-1/2 years). The Auxiliary Conduit would 
commence approximately 1 year later than the box conduit construction 
start and would run for a period of 3 years. The schedule as set 
forth herein is considered reasonable and one that takes into account 
economics . 

b. Auxiliary Conduit . It is assumed that the contract will be 
awarded in spring of 1977) the 2nd construction season. The phases 
of construction are briefly outlined below, whereas the details of 
construction were more fully discussed in Section H, "Construction 
Procedure and Diversion Plan" of GDM No. 2, Phase II, Part II - 
Auxiliary Conduit. 

The construction schedule is based upon the assumption that the con- 
tractor will construct the tunnel by the conventional drill and blast 
method with a cast-in-place liner. This appears to be the most 
economical means of construction for this particular project. If 
the contractor elects to use a tunnel boring machine with either a 
precast or cast-in-place liner, the construction sequences are 
expected to vary from those stated. The overall construction 
schedule, however, is not expected to be altered significantly. 

(1) Second Construction Season (First Year Auxiliary Conduit 
Construction ) . The Contractor is expected to concentrate on 

the construction of the river shaft. It will take the Contractor 
approximately 6 months to prepare the site, construct and lower the 
caisson into place, grout-seal the interface between caisson and bed- 
rock and complete the mucking out of the caisson. An additional 2 
months will be required to continue the vertical shaft through rock 
down to EL- 14-7 msl and an additional month will be required to set up 
his horizontal tunneling equipment. The Contractor will then proceed 
with his tunneling operation from the river shaft driving upward to 
the Pope Park end. The tunneling operation is expected to proceed 
uninterrupted throughout the winter. The tunneling heading should 
advance at a rate of approximately 750 ft ./month based upon round- 
the-clock operations, 6 days a week. As the rock excavation progresses 
the rock anchors are to be installed. By the end of the 12th month 
(3rd month of tunneling) the Contractor is expected to be at Sta. 30+00. 

(2) Third Construction Season (Second Year Auxiliary Conduit 
Construction ) . 

(a) Tunneling . The Contractor is expected to continue tunneling 
to the intake shaft at Pope Park. By the end of the second year the 
tunneling operation is expected to be complete. 
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(b) River Shaft , Once the river shaft is no longer needed 
for rock removal the Contractor is expected to proceed to modify 
the river shaft. At the junction between the tunnel and the 
river shaft, rock will have to be carefully removed to provide the 
necessary curvature for the bend; this is to be followed by the 
installation of the concrete lining both in the tunnel and in the 
shaft. At the same time the Contractor is expected to construct 
the single-wall braced steel sheet cofferdam around the outfall 
structure (top of river shaft). 

(c) Intake Shaft . Towards the middle of the 2nd construction 
season, the Contractor is expected to initiate construction at the 
intake structure, which includes the installation of the earth 
support system. During the winter months he will remove the overburden 
and excavate the necessary rock down to the tunnel invert and initiate 
the installation of the concrete liner. 

( 3) 4th Construction Season (Third Year Auxiliary Conduit 
Construction ) . 

(a) Tunnel . Installation of the concrete liner is to be completed. 

(b) Intake Shaft . The Contractor will form and place the concrete, 
backfill, remove the earth support system, if removal Is required, 

and perform final grading, landscaping and cleanup. 

(c) River Shaft . The Contractor is expected to excavate to 
grade, remove the segment of the caisson above El- -5.0 msl, form 
and place the necessary concrete, remove the cofferdam and excavate 
and place the rock paving. The necessary grading and cleanup would 
complete the river phase of the project. 
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H. COST ESTIMATE 



30. COST ESTIMATE . 

a. Conduit Extension . The contract for the first half of the 
local protection project was advertised and the contract awarded to 
Vicon Construction Company of New Jersey for the bid price of 
$23,300,000. The bid price was approximately $5,282,000 less than 
the Government estimate of $28,582,155. 

b. Auxiliary Conduit . The previous detailed cost estimate of 
$38,390,000 for the Auxiliary Conduit was included in Design Memo- 
randum No. 2, Phase II, Part II, Auxiliary Conduit dated 24 January 
1975. The estimate was based upon a price level of November 1974. 
For comparison purposes, the estimate has been updated to the 
November 1976 price level by increasing the cost by 18.6% (per ENR) . 
The cost, updated, -would be $45,530,000. 

Detail cost estimates for the three alternate means of construction 
(conventional w/ cast-in-place, mole w/ cast-in-place and mole w/ 
precast liner) have been prepared. The conventional system of con- 
struction with the cast-in-place liner was found to be the least 
expensive $35,500,000 (TABLE H-l) . The costs of mole excavation 
with precast segments at $36,000,000 (TABLE H-2) and mole excavation 
with cast-in-place liner at $39,4-25,000 were found to be more expensive. 

The latest cost of the project, $35>5OO,0O0 is approximately ^030,000 
cheaper than the updated GDM estimate. The reduction in cost is due to 
the more advance design of the tunnel itself as well as the design of the 
shafts. Major cost savings were attributed to the reduction of liner 
thickness in certain reaches, the elimination of the cleanout shaft and 
the reduction of contingencies from 20% to 15$* 
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TABLE H-l 



DETAILED COST ESTIMATE 
(NOVEMBER 1976 PRICE LEVEL) 



Conventional Drill & Blast w/ Cast in Place Liner 





Estimated 




Unit 


Estimated 


Description 


Quant ity 


Unit 


Price 


Amount 


Mobilization 


1 


Job 


L.S. 


$ 100,000 


Maint. & Control of Traffic 


1 


Job 


L.S. 


125,000 


Hontrol of WatPT* 


1 


Job 


L.S . 


1,365,000 


Excavation 










Earth, .-common 


68,000 


C.Y. 


4.50 


306,000 


Rock, tunnel 


176,000 


C.Y. 


60.00 


10,560,000 


Rock, shafts 


4,600 


C.Y. 


40.00 


, 184,000 


Fills 










Gravel 


5,000 


C.Y. 


5.00 


25,000 


Random 


40,000 


C.Y. 


2.50 


100, 000 


Stone Protection 










Temporary 


1,000 


C.Y. 


30.00 


30,000 


Permanent 


1,100 


C.Y. 


25.OO 


27,500 


Tunnel Support Steel 










Rock Anchors 


13,000 


EA. 


54.00 


702,000 


Ring Beams 


335,000 


LBS. 


0.60 


201,000 


Reinforcing Steel 


3, 585 000 


LBS . 


0.40 


1,434, 000 


Concrete 










Tunnel Lining 


46,000 


C.Y. 


130.00 


5,980,000 


Structural 


5,100 


C.Y. 


100.00 


510,000 


Mass 


2,000 


C.Y. 


60.00 


120,000 


Cement 


350,000 


CWT. 


2.70 


945,000 


Grout, tunnel 


18,000 


CP. 


14.00 


252,000 


Shotcrete 


72,000 


C.F. 


8.00 


576,000 


Concrete Caisson 


1 


Job 


L.S. 


1,650,000 


Cofferdam 


1 


Job 


L.S. 


700,000 


4'j# Drainage Shafts 


1 


Job 


L.S. 


180,000 


Earth Support System 


1 


Job 


L.S. 


280,000 


Stoplogs 


1 


Job 


L.S. 


35,000 


Clean-out and Dewatering Provisions 


1 


Job 


L.S. 


100,000 
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Rs'it imated 




Unit 


Ks fciiTia ted 






Unit 




Jk-LJI w VAX 1 v 




28,000 


L F 


7 .00 


& 196 000 


Misc. Metals 


155, ooo 


LBS. 


1.10 


170,500 


Chain Link Fencing 


325 


L.P. 


10.00 


3,250 


Gate-Chain Link, 










20' Double Swing 


1 


EA. 


600.00 


600 


3" Bit Cone. Pavement 


5,000 


S.Y. 


5.00' 


25,000 


6" Topsoil seeded 


20,000 


S.Y. 


2.00 


40,000 




Sub-Total 






$26,922,850 




Cont ingenc ies (15$ ) 




4,027,150 




Construction Cost 




' 50,950,000 




Engineering 


and Design 


2,500,000 



Supervision & Administration 2,050,000 



Total - Auxiliary Conduit $35,500,000 
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TABLE H-2 



DETAILED COST ESTIMATE 
(NOVEMBER I976 PRICE LEVEL) 

Mole w/ Pre-Cast Liner 





Estimated 




Unit 


Estimated 


Description 


Quant ity 


Unit 


Price 


Amount 


Mobilization 


1 


Job 


L.S. 


$ 3,000,000 


Maint. & Control of Traffic 


1 


Job 


L.S. 


125,000 


Control of Water 


1 


Job 


L.S. 


1,365,000 


Excavation 










Earth, common 


68, 000 


C.Y. 


4.50 


-7 /\ /T f\f\f\ 

306, 000 


Rock, tunnel 


153,000 


C.Y. 


85.OO 


13,005,000 


Rock, shafts 


1 1 ^ A A 

4, 600 


C.Y. 


40.00 


lo4,000 


Fills 










Gravel 


5,000 


C.Y. 


5.00 


25,000 


Random 


40,000 


C.Y. 


2.50 


100,000 


Stone Protection 










Temporary 


1,000 


C.Y. 


30.00 


30,000 


Permanent 


1,100 


C.Y. 


25.00 

• 


27,500 


Tunnel Support Steel 


-0- 






-0- 


Reinforcing Steel 


375,000 


LBS. 


0.40 


150,000 


Concrete 










Pre-Cast Lining 


9,100 


L.F. 


530.00 


4,823,000 


Structural 


5.100 


C.Y . 


100.00 


510,000 


Mass 


2,000 


C.Y. 


60.00 


120,000 


Cement 


45,000 


CWT. 


2.70 


121,500 


Grout ,tunne \? 


16,200 


C.F. 


14.00 


226,800 


Pea Stone J liner back packing 


1,400 


C.Y. 


12.00 


16,800 


Concrete Caisson 


1 


Job 


L.S . 


1,650,000 


Cofferdam 


1 


Job 


L.S. 


700,000 


4'^ Drainage Shafts 


1 


Job 


L.S . 


180,000 


Earth Support System 


1 


Job 


L.S. 


280,000 


Stoplogs 


1 


Job 


L.S . 


35,000 


Clean-out and Dewatering Provisions 


1 


Job 


L.S . 


100,000 
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Estimated 




Unit 


Estimated 


Description 


Quant ity 


TT__ _f A. 

Unit 


Price 


Amount 


Misc. Metals 


155*000 


LBS . 


1 . 10 


$ 170,500 


Chain Link Fencing 




LiP. 


10.00 


3,250 


tint p-rhnln T1nlr 

Uauc" Vila. J. J. 1 Jj±J.il\. j 










20' Double Swing 


1 


EA. 


600.00 


600 


3" Bit Cone. Pavement 


5,000 


S.Y. 


5.00 


25,000 


Topsoil, seeded (6") 


20,000 


S.Y. 


■ 2.00 


40,000 



Sub-Total $27,319,950 
Contingencies [\%) 4,105,050 
Construction Cost 31,425,000 
Engineering and Design 2,515,000 
Supervision & Administration 2,06o,000 



Total - Auxiliary Conduit 



,000,000 
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CORPS OF ENGINEERS 



U. S A*MY 




P.LATE9A-I 



CORPS OF ENGINEERS 



U. S. ARMY 



FD-I3U \ 



FD-sr 



FD-I4T 



FD-24T 



FQ-IT 



FO-IOT 



^-FO-207 



"to 



+-FD-2T 



- .._ N 



— 1 n 



PLAN 

SCALE ■ l" • 100' 



FD-24T 



FD- 6T 




LEGEND 



SH/SIS S H A LE /S ! LTSTONE 

E==^a INBD SH/SS INTERBEDDED SHALE 
I AND SANDSTONE 



GEOLOGIC PROFILE ALONG £ OF TUNNEL 

SCALt. VERT. I - 2 0* 



GRAPHIC SCALES 



SS SANDSTONE 



SOYSH SANDY SHALE 

BASALT 
GT2 OUARTZITE 



notes : 

t. only completed tests are shown. 

TESTING PROGRAM IS CONTINUING. 
2. TEST RESULTS ARE SHOWN IN TABLES ACCORDING 
TO BORING NUMBER AND DEPTH. 



T-M50 



TEST SAMPLE DE°TH 




iVATER RESOURCES DEVELOPMENT PROJECT 

=>ARK RIVER LOCAL PROTECTION! -8 
AUXILIARY CONDUIT TUNNEL 

PLAN AND GEOLOGIC PROFILE 
STA.95 +00 - STA.67+00 

HARTFORD CONNECTICUT 



CRAWLS NUUBEH 



-7 



PLATE 9A-2 



OF ENGINEERS 



U. S. ARMY 




PLATE 9 A- 3 



CORPS OF ENGINEERS 



.1- 



1- 



3- 



4- 



) 



5- 



6- 



7- 



-80 




20 + 00 



GEOLOGIC PROFILE ALONG £ OF TUNNEL 



SCALE: HOR. I'-IOO' 
.VERT.l'-aO' 




siwmcsoug 



department of the arht 
hew ensuuid oiykiok 
corp* of ekoimeeu 

KU.TKAX. un. 



U. S. ARMY 



Lg j OLBTj 



HTtm. wrrnmn 



AffUQWiL HCCWHtflt 



tfATER RESOURCES DEVELOPMENT PROJECT 

PARK RfVER LOCAL PROTECTfOT* 
AUXILIARY CONDUIT TUNNEL 
PLAN AND GEOLOGIC PROFILE 
STA.34 + 00-STA. 5 + 00 



HARTFORD 



~asr 



COHHECTCUT 



Plate 9A-4. 



CORPS OF ENGINEERS 



/ 



i- 



a- 



3- 



4- 



) 



5- 



6- 



7- 



8- 



U t ARMY 




98 + 50 



LEGEND 



. FD-ZOT 
(0W/PZ)l-7/l5/74 
1/7/73 



SANDSTONE, MODERATELY HARD 
CALCAREOUS 



INTERBEDDED SANDSTONE 
AND SHALE 



SHALE, S1LTY, SOFT TO 
MODERATELY HARD 



BASALT AND INTRUSIVE FLOW 



BROKEN ZONE AND/OR 
8RECCIATE0 



FAULT ( ASSUMED LOCATION 
"AND DIRECTION OF MOVEMENT) 



SEISMIC LINES 




97+00 96+50 96+00 

GEOLOGIC LOG PROFILE 

LEGEND FOR GRAPHIC LOGS SCALE l u - 20' 

TYPE AND NUMBER OF EXPLORATION 

OBSERVATION WELL /PIEZOMETER AND PEfllOD OF OBSERVATION 
MONTH / DAY/ YEAS EXPLORATION COMPLETED 
ELEVATION OF GROUND SURFACE 
MAXIMUM ARTESIAN HEAD 
I SUBSURFACE WATER LEVEL 
-J ARTESIAN FLOW ENCOUNTERED 
] RANGE OF SUBSURFACE WATER LEVEL 
▼ BOTTOM OF OBSERVATION WELL /PIEZOMETER 
UNIFIED SOIL CLASSIFICATION SYSTEM SYMBOL 
!!' NO RECOVERY/ NOT SAMPLED 
ROCK TYPE SYMBOL 



95-«50 



95+00 



94+50 



notes: 

a. npt-no pressure test performed 
asterisk denotes section could not 
be sealed for testing 

50 p.s.i.-constantly maintained pressure 
for i to 5 minutes. volume loss in gallons 
per minute under constant pressure. tests 
continuous in 5- foot sections. scale expanded 
from 0 to i gpm for clarification of low 
pressure losses. 

b. rock quality designation - percent of cose 
per run with pieces longer than 4 inches. 

c dip and frequency of joints, 
"s" indicates slicken sides on natural 
joint surface. 



DEPARTMENT OF THE ARMY 
HEW CKSUtKtl BIVlSIOll 
CORP* OF EKCmURS 
M1THAM. Kit*. 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA.99+00 TO STA.93+00 
HARTFORD COWNECTIOBT 



\ SPEC HO. 



PLATE 9A-5 



U 40 
> 



< 

hi 

£ -20 

Li 
> 
O 

CD -40 

< 



W -60 



-J -120 



-140 



-160 




scale t"-ao' 



FD-24T(28'L) 
1/2/TS 

EL. 80 



FD-IT(27'L) 

2/15/73 
EL. 84.28 



FD-8T (33' L) 

10/1/75 
EL. 93.26 



Varvcif C/o?' 




.STRIKE FREQUENCY 
FD-8T 
(BELOW 110') 



DEPARTMENT OF THE ARMY 

KM CKBLAHD OIYIJION 
CO*PS Of ENSIHECJK 
vunuM. uu. 


m«r | ot*r j kit 


WATER RESOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 

AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PRO RLE 
STA. 93 + 00 TO STA. 86+50 
HARTFORD CONNECTICUT 


Minima 




JUFfcW. Bin — mvx 






APPROVED 










SOU-E |Sf£C NO. 


SMWMe MUE* 

SHEET 



PLATE 9A-6 



CORPS OF ENGINEERS 



U. S. ARMY 




PLAN 

SCALE: r«20" 




PLATE 9A-7 



CORPS OF ENGINEERS 



U. S. ARMY 




PLAN 

SCALE: f-20' 




PLATE9A-8 



CORPS OF ENGINEERS 



U. S. ARMY 




PLAN 

SCALE l"*20' 



FD-2 TOO'R) 
<PZ)3/22/73-Pr»»«nI 
3/2/73 
EL. 69.52 



FD-i6T(25'U 
7/23/74 
EL. 74.64 




1-00 " 70 + 50 "70+00 

GEOLOGIC LOG PROFILE 

SCALE l"« 20' 



DEPARTMENT OF THE ARHY 
KM ENQUHO DIVISION 
CORK OF ENGINEERS 
■UTUH. UU. 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA.73 + 50 TO STA. 67 + 00 

HARTFORD CONNECTICUT 



|gtc wo. 

MMTMC NUMBER 



PLATE 9A-9 



CORPS OF ENGINEERS 



U. S. ARMY 



2- 




PLAN 

SCALE l" = 20' 



FD-I8T(33'R) 

(PZ) 10/28-12/30/75 
(OW) 5/17/76 -Pr«»«nt 
3/3/76 
EL. 82.09 




64+50 64+00 63+50 

GEOLOGIC LOG PROFILE 

SCALE 20' 



GRAPHIC SCALES 



DEPARTMENT OF THE AHHlf 

HEW EMOUUIO DIVISION 
CORPS Of CnOIHEEM 
WAUMK, MAIL 



WATER RESOURCES DEVELOPMENT PROJECT] 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA. 67+00 TO STA. 60+50 
HARTFORD CONNECTICUT 



BRAHMS WHS 



PLATE 9A- 10 



CORPS OF ENGINEERS 



U. S. ARMY 



1- 



2- 



3- 



4- 



5- 



7- 




.S 68'- 09 -03" £ 
'i Auxiliary Conduit 



/'^ FD*22T 

~ --.PLAN 




t-trss __ 

•J 



«3 



. SCALE I* -20-0* 



FD-22T (45'L) 

(OVI0 1 1/14/75- Pf»»»nt 
8/E5/76 
EL.73.3' 



Stratified 



Red clayey groreffy sand (Till) 



~ L£ («<i><K<" 
^~~~$UJtLE (gray) 




t5000 Ff/ Sec. 




Inflated Zone 



Ousted my/an/zed zone 
Z Unconform 
- 1' Breech 
-Z Unco farm 
■Fault Zonf: Ok Gratj, highly sheared 
lay Shiv/SS inter beds to/8" 
Num. Z unconformities j locally brecciated 
and/6r mytoniHc w/abundant finely dissem. py,jie 
and ca/cite; slicked fracture: cleavage @ 30° 
sleeper than beds in Sbj bedding and cleavage 
to 40'f 7Cr(mox.) indrog; sticks diagonal 'to true 
dip indicating some strike 's/tp component- 

Mgtonific brecd'aled 
Z Uncor/form 



GEOLOGIC LOG PROFILE 

SCALE r-2O'-0" 



-1 



-2 



< t- -120 



GRAPHIC SCftt.6 



DEPARTMENT OF THE ARMY 

NEW ENGLAND DIVISION 
CORPS OF ENGINEERS 
wunuui, UN. 


BO.H \ OLVT I en. wt 


WATER RESOURCES DEVELOPMENT PROJECT 

park river local protection 

AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA.60+50 TO STA. 54+00 
HARTFORD CONNECTICUT 






wfigw m< u— ■ *rw 






APPROVED DAtE 








■ scale i SPEC HO. 


I DBAWMC MUBOt 

1 SHEET 



-3 



-4 



-3 



PLATE 9A-1 t 



ENGINEERS 


A 


B 

l 


c 


D 

1 




E 

1 




F 

l 




G 

1 






H 

1 










..- ' iZ 


/ 

7 r 
/ 






i 








/ 

; 

/ / 
/ 






/ v 


§ ■■ 




( _$ — _ 


1 


■3 


t 








1 - ^ 




.5 

1 
1 


^1 / 


^"1 L 
j 


' rp- \H?T~~ - 


"—1 


5 


\ \ _ 




\ 




• 

13 T 


/ 







U S. ARMY 



Id 
<S> 

o 

z 
< 

2 -20 
> 

o 

CO -40 



± -60 



PLAN 

SCALE- l"*20" 



FD- I5T (I7'L) 

[PZ)IO/28/75-Pr«»nl 
EL. 62.31 



FD-13H22'L) 
(OW IO/28/?5-P<eient 
2/12/76 
EL. 55. 6 




49 + 50 



GEOLOGIC LOG PROFILE 

SCALE- !" ■ 20' 



GRAPHIC SCALE 



DEPARTMENT OF THE ARMY 

MEW ENGUMO DIVISION 
CORPS OF rMGtHEEKS 
VUTHAy. Ull. 



VfUDDLHCCWat 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RtVER LOCAL, PROTECTION 
AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFfLE 
STA. 54+00 TO STA. 47+50 
HARTFORD CONNECTICUT 



-CHiatttaUt tsgai 



MUWHG NUMBER 



PLATE 9A-I2 



/ 



CORPS OF ENGINEERS 



1- 



2- 



3- 



5- 



7- 



588'- 09 OS"£ 




PLAN 

SCALE: T-ZO' 



FD 17T (I2'U 

(OW)IO/28/75-Pre>ent 
7/24/75 
CL.5e.G8 



FD I2T (30'R) 
(OWllO/28/75-Present 

8/25/76 i 
EL.59.93 * 



44150 



GEOLOGIC LOG PROFILE 

SCALE: l"«20' 



GRAPHIC SCALE 



DEPARTMENT OF THE ARMY 

UK CHGIAMD DIYUKIH 
- COKrt OF ENBINtEM 
WJUTHAM, M**. 



U S. ARMY 




WATER R E SOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 

PLAN AND GEOLOGIC LOG PROFILE 
STA.47t50 TO STA. 41+00 
HARTFORD CONNECTIC UT 



]SKC HO. 

'dmwmMAGT 



PLAT&.9A-13 



CORPS OF ENGINEERS 



U. S ARMY 




PLAN 

SCALE: l'-20" 



FD-IIT (19 L) 

(PZllO/28/75-Pres«M 
. 6/13/74 
EL.69.OI 




GEOLOGIC LOG PROFILE 

SCALE: !*■ 20" 



GRAPHIC SCfll F , 



GRAPHIC SQALE 



10 "0 



DEPARTMENT OF THE ARMY 

«£W EHQLAHD DIVISION 

cones of t Nam t cm 

WAITHAH. IU». 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RiVER LOCAL PROTECTION 

AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA.4I +00 TO STA. 34 + 50 

HARTFORD CONNECTICUT 
aptroyed dais 



PRAWMC HUKBtR 



PLATE 9A-I4 



CORPS OF ENGINEERS 



U. S. ARMY 



2- 



3- 



4- 



5- 



6- 



7- 



«- 




32+00 " 31+50 3i+00 

GEOLOGIC LOG PROFILE 

SCALE l"- ZO' 



setoo '- 160 



GRAPHIC SCALS 



DEPARTMENT OF THE ARMY 

CORPS OP ENGINEERS 
VU.TNU, u». 



' I WIMIHIB I 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA. 34 + 50 TO STA.28+00 

HARTFORD CONNECTICUT 



DRAWING NVmeER 



PLATE 3A-I5 



CORPS OF ENGINEERS 



U. S. ARMY 



2 -MO 



-ISO 




fa 



PLAN 

SCALE l" ■ 20' 




FD-30T 

<0W)ll/3/76-Prei«nt 
B/4/76 
EL. 18. 5 




25 +50 25 +C0 

GEOLOGIC LOG PROFILE 

SCALE f ■ 20' 



23+00 



-200 



GRAPHIC SCA1E 




DEPARTMENT OF THE ARVY 
HOT UMUMB omwoM 
com Of MSUIUM 
W1TKW. HL 



U2ES2L 



WATER R E SOURCES DEVELOPMENT PROJECT! 

PARK RIVER LOCAL PROTECTION 

AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA. 28+00 T0STA.2I + 50 
HARTFORD CONNECTICUT 



"W 



PLATE 9A-16 



CORPS OF ENGINEERS 



U. 1 ARMY 



7- 





19+00 18 +50 16 +00 

GEOLOGIC LOG PROFILE 

SCALE f» 20" 



- -160 



GRAPHIC Si^fll F 




DEPARTMENT OF THE ARMY 

nnr imund emtio* 
com or humum 

vutkui, aim.- 



WATER RESOURCES DEVELOPMENT PROJECT! 

PARK RIVER LOCAL PROTECTION 

AUXILIARY CONDUIT 
PLAN AND GEOLOGIC LOG PROFILE 
STA.2I+50TO STA. 15+00 
HARTFORD CONNECTICUT 



irrmr 




PLATE 9A- 17 



CORPS OF ENGINEERS 



U. S. ARMY 




PLATE 9A-18 



CORPS OF ENGINEERS 




PLATE 9A-I3 



CORPS OF ENGINEERS 



U. S. ARMY 



LC-/ EXTERNAL WATER HEAD 
AND INTERNAL WATER PRESSURE 



LC-2 ROCK LOAD ONLy 



t- 



2- 



I- 



4- 




LC-5 EXTERNAL WATER HEAD AND 
INTERNAL WATER PRESSURE (NET 
INTERNAL) COMBINED WITH ROCX LOAD 







i i r 
ROCK LC 
t \ 1 


AD^O-S^t/fT* 

ill! 






i . 



rfoCK IOAD { *0.5ZT\IF7\ 



-6.7Z. 




S.69 




LC- 3' EXTERNAL WATER MEAD AND 
INTERNAL WATER PRESSURE (MET EXTERNAL) 
COMBINED WITH ROCK LOAD 

- f ' 

1 1 1 III 

ROCK LOAD* 0.52 T/fT\ 



ICzSL CONSTRUCTION CONDITION EULL 
. EXTERNAL WATER AND ROCK LOAD 



-IO.IZ 





•2.38 



13" CAST IN PLACE LINER 



LC-J 



5- 



LC-Z 

SIMILAR ID LC-2 ABOVE , , 
EXCEPT ROCK LOAU-O.ZS T/ET 

-0,87' f ? 
Moment - 




■ LC-3 , LC~4 GROUT PRESSURE ONLY 

SIMILAR TD LC-3 ABOVE , , m™™* 

EXCEPT ROCK LOHD'0. 25 T/fT* Monenr 

-0.8Z'* 

tiomenf 




ICS 

&mirr PRESSURE = SIMILAR 70 LC-SA30VE 

0.17 KSP (ispsi) EXCEPT ROCK LOAD-- O.ZST/fT* 



JOINT POSITION I 




MOTS 

/. Alt boding cases shown on this sh^et are 
for Tunnel sections which would reouirs 
nominal rock bolt support. 

2.LC-4 is loaded spring line fa spring line. 



7- 



8- 




-Z.3& 




Momeni~ 



0.13^ 

JOINT POSITION 2 
9" PRECAST LINER 




tow' 




DEPARTMENT OF THE ARMY 
NSW ENOUUIO DIVISION 
COB PS OF INOINEER) 
ULTHIM. MM. 



marl m.n [ sf.m 



mem, it mmrtn 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 
TUNNEL LINING 
LOAD MOMENT AND THRUST DIAGRAMS 

HARTFORD CONNECTIC UT 
jvrmvED ' . DATE ~ ~ 



SCALE ] SPEC. (*J. 



BtUHM NUMB 



PLATE 9A-20 



CORPS OF ENGINEERS 



U. 5. ARMY 



■fockbolfs.Jt'-o'lg. 




Orouf pipes 



■Permissible 
Const 'Jt. 



NOMINAL ROCK BOLT SUPPORT 



HEAVY ROCK BOLT SUPPORT 



TRANSVERSE TUNNEL SECTIONS 

{DRILL AND BLAST EXCAVATION) 
SCALE 1rt"»l'-0' 




-1 



-2 



'Permissible 
Const. Jt 



-3 



STRUCTURAL S 



SUPPORTED 



'Thick shoteref-S 



'Rock U>lta ll'lq. 
} funnel-Seek 



'"Thick Shokreh 
3'Cf 




'Rock bolls II 'lg. 
: funnel ~ 



v i Thick Shotcrefe 



NOMINAL ROCK BOLT SUPPORT 





NOT£S: 

1, The tunnel lining will be placed in 30 -foot 
Ions monoliths. 

2. Longitudinal reinforcement will be continuous 
thru monolith Joints. 

J. All monolith Joints will hove y/aterstops. 



^/siside foee of hinnef /thing 



STRUCTURAL STEEL SUPPORTED 



HEAVY ROCK BOLT SUPPORT 
TUNNEL SUPPORT AND LINER DETAILS 

(DRILL AND BLAST EXCAVATION) 
SCALE 11/2'- S'-O" 




KCflAOfl ' PATE 



1/4"- f-cf Www^ 



GRAPHIC SCAlffj 



rz" 9" 6" J" o 



DEPARTMENT OF THE ARMY 

KIW ENStAKO D1VISIOK 
CORPS OF ENGINEERS 



menu. nMam 



wnK nqmatoaat 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 

DETAILS-CAST- 1 N-PL ACE LINER 
DRILL AND BLAST EXCAVATION 
HARTFOHP CONNECTIC UT 

APPROVED DATE 



ouuma HUNKS 



-5 



-7 



PLATE 9A-2I 



CORPS OF ENGINEERS 



1- 



2- 



3- 



4- 



5- 



6- 



7- 



8- 



U. S. ARMY 



Bockpoekinq peagmvel ond 




Pfowde cushion 
selected mafcrbi as 
davcfed wAens required 
to <?/vp uniform b«\ 



UorVifodioriol JOif^S 
■shall be sietoared 
22 ft°n,/h complete 
■segment r/rii/ 



Mn 



0" 



■Grout hole 




ee Detail 8" 



DETAIL 



TRANSVERSE TUNNEL SECTION 
PRECAST, LINER ALTERNATE 

SCALE l/4'» l'-0" 



PRECAST LINER SEGMENT 

SCALE 1/2"- t'-O" 




*£eiZ" 



-1 



HooH Typ- 



REINFORCEMENT DETAILS 
PRECAST LINER* 

SCALE |"« |'-0" 



fSchomfej; 



Direction of flo w 

yhsxfe facts of //her 





NOTES-' 

/ Design of precast segments based on a 
compressive strength of 5000 pounds, per 
Souore inch at Z£ de.y$. 

Z. 'The grouting procedure writ hove to i>e 
corefufly monitored daring the construction 
pjtffse t<s /risqre uniform pressures tfiroag'Aouf 
the cross sect ion. 



% 'Chamfer 
SECTION C-C 
TRANSVERSE JOINT DETAIL 

SCALE 3". I'-O" 



DETAIL"S" 
LONGITUDINAL JOINT DETAIL 

SCALE 3*-l'-0" 




GRAPHIC filial F 



DEPARTMENT OF THE ABHY 

NEW EKCLAHO DIVISION 
CORPS OF ENQINEtM 
WHOM*", MAM. 



WATER RESOURCES DEVELOPMENT PROJECT 

PARK RIVER LOCAL PROTECTION 
AUXILIARY CONDUIT 



DETAILS -PRECAST LINER 



'HARTFORD 



CONNECTICUT 



-2 



-3 



-7 



PLATE 9A-22 



APPENDIX A 
TYPICAL DRILL LOG AND ROCK CORE 



CONTENTS 
ROCK CORE LOGS 
Legend for Typical Boring Logs 
Rock Core Log 

FIGURES 
Description 

Box of Core 



Site: 


Boring No. 


Pooe 






of 



DEPTH 



ELEV 



r. 



core/sampleS£ 0 *J 



size 



iri. 



% 



.Laboratory Test Sample No. 



SAMPLING AND CORING 
OPERATIONS 



tOJ) 

% 



_Per cent Core Recovery Per Run 



PT 
GPM 



JOINTS. 



4- ICODEj REMA RKS 



CLASSIFICATION OF MATER IALS 



ROCK 
SYMBOL 



SHALE 



INTERBEDDED SHALE 
AND SANDSTONE 

SANDSTONE 
LIMY ZONES 



Joint and Dip Angle 

Pressure test takes in GPM at 50 p.s.l. 

Rock Quality Designation - Per cent 
of core in pieces in excess of h 
inches in length (per run) 



JOINT CODE KEY 

3* JOINT ROUGHNESS NUMBER 

A. Discontinuous 

B. Rough or irregular, undulating 

C. Smooth, undulating 

D. Slickenslded, undulating 

E. Rough or irregular, planar 

F. Smooth, planar 

G. Slickenslded, planar 

k. JOINT ALTERATION NUMBER 

A. Tightly healed, hard, non-softening, 
impermeable fill ing 

B. Unaltered joint walls, surface staining 
only 

C. Slightly altered joint walls 

D. Silty or sandy-clay coatings;, small 
clay fraction (non-softening) 

E. Softening or low friction clay 
mineral coatings (discontinuous 
coatings, l-2mm or less in thickness) 



LEGEND FOR TYPICAL BORING LOG 

/f I 



Site-- 



Pahfc" ve a 7~li * n ^ J 



DEPTH 



60— 



223 



CORE/SAMPtElg gff 



Ha 



Pest) 



HSSfflRr 




foO 



Boring No. 



f^P -JOT- 



SAMPLING AND CORING 
OPERATIONS 



o 



&o 



3d 

-7a 



3<K 
4b 




Boring 



i * ft * S 1 0 '>*t9 
$6? of nl/y St f 



Page 
of 



CLASSIFICATION OF MATER IALS 



£h oxen : ro/V 



$ANf)£TO//£>. ./*&</. 
/oc, Co fey o cc. sh 
/A -/4; * c a t<?w v.Sy 



Site; 


Boring No. 








Of 7 



PERTH 



I". 



7^— 



7^— 



75^ 



81— 



84~_ 



CORE/SAMPLEfcgy* 



Ha 



size 



eoiii 

ItCCVV 



1J 



to 



SAMPLING AND CORING 
OPERATIONS 



3D 



8 J 



70 



CLASSIFICATION OF MATER lAU^ 

tfTf™ ' ^ 



3e 

4e 



1* 

J/ 

Me 



at / 7* / 



Sit-lkt ye;**/ 



Ay X/£ 7^-^ 

A/oh// (C**i'I) 



3t 



Vthy Cafe. 



ro/^- £u^* 
wt fj dip </o ere. 

"tiny c*,nift strttyti*? 
/f <fe</</' *fj To/ O f'vtty 
Cafe* /'^o/-a/?«^c • 



kJt 



Boring /^P-SO T 



Sjte-. 


Boring No. 




FP-sor 



DEPTH 



6£ 



92- 



CORE /SAMPLE £2*! 

u ■ PER FT. 



NO. 



size 



UNde re 



CORE 

<rvv 



JO' 



SAMPLING AND CORING 
OPERATIONS 



*0 
S3 




I 6 




3t 
4t 



3* 

4c 



4t 



96/ 



96 



97. 3 



Page $ 

of .^JL. 



CLASSIFtCATION OF MATER IALS 



SHA££/ps <//) S TM6 



Cyclic J>f&K?,«#> 



at a 1 a v e 



UiL — tJ — A< i c £>c«o uj- at'fco 
On hoJdi4'\j ' p./ ' 



Boring No. 



|$Jtet Boring No. ^ 


\ 


DEPTH 


CORE /SAMPLE 


iLowa 

NCR FT. 

ftfeSflr 


SAMPLING AND CORING 
OPERATIONS 


CLASSIFICATION Of MATER IAlV 






NO. 


*tze 


WTH 
MNN 


















? 

<*- 




4 








' - 








i« 


1° 


\ 
\ 

> 

X 

X 

■ 


44 

■ 

*4 
<<• 


Si?'?* hiW 

*y c/. c s 

1 

/ On d& j /) 
0*/ 9 ft f 

So**** ;*/ ZvJt'ifc 
c 4 W ■ * * V/ 


-t-i 
', t 

» '. ':. 
r ' t 


8(t«oLd Cah/acJ 
Trffe* it 3s : /a*n* /- 

t/ef-y /t'*44y ' i 


:, 

p 


1* 

■! 

I* 6 









S^JBBWtest) ' Boring Uo.±ilMT 



Site*. 




Boring No. 




D A* d ~T~~ f 





DEPTH 



!22r- 



»4- 



core/sample(!£*« 



NO. 



NEO^K^jBBAtTest) 



8^ 



SAMPLING AND CORING 
OPERATIONS 



of ^ 



CLASSIFICATION OF MATER 1ALS 



3 




SHAL£: soft; 

/ tt «Lfy wt o eta 

J.U 

Silly Z-one 



- 



Boring No. 



Site: 


Boring No. 


Paflt & 






of f 



DEPTH 



>4<*z 



1*4-2 



14*- 



CORE/SAMPLE 



MMM RE 



BLOW* 

Jpenrr. 
com 



SAMPLING AND CORING 
OPERATIONS 



P 



8° 



4. 



Jo 



CLASSIFICATION OF MATER tALW 



I 

i ; , 



— r.- 

'j — p 



4/. 



AO J it y\i SJ 



... ? 



Boring Ho.JEJtJLJLT 





Boring No. 7 




DEPTH 


CORC/SAMPLE 


■LOWS 

ptiirr. 

CORE 
RECVT 


SAMPLING AND CORING 
OPERATIONS 


CLASSIFICATION OF MATERIALS 






HO. 


•I2f 
















J© 




I" 






# 






(62r_ 

ti(r 








'?/ 

M 




f 

/ 


■rjr 

'? 

| 


jrv> 

VChf siy-f»^y 
fit. J J; * j s/ic/c$ 




flfjr/*-.' « o ft >^ s * ^6 j *t / 


, i i,i I ( i i i I i i i i 1 i I i | 1 i | i t I i t i i 1 i 1 l i 1 1 1 l i l ll i i l i i i f i i i i i ii i.i i j_i ii ...... _ 






Ca/cift $f\r****.*S 0 




o/ / e*^ o( f M flf^ (MAT- 


1* 


— *t _ 

■ •' 

,'■ ■'■ * 
/ 


A of- /t*Me (Icks-j 

r/z.r J'/V Ai £ : 

*od & J\ d fifty- 
f\ Jo//*/; /oia/fy 

CAt para fit} /i 
itotohrn-j b>& & fy 

S A C /Cfy j£ y /£ h i^/ c ; 
D <? S f- C* K. 


0 


I ? ! 

i ■ ; 


w 



I 

NE0 M ^^5SA(Test) Borina No. /^fi-JOT 





Boring No. 


Pace £ 


Pihfc /?>i/tt~ Tun*,* I 


FD-? o 7~ , 


of 9 



DEPTH 



7tz 



CO RE /SAMPLE 

8WI *3 



NO. 



•lit 



UNM ftB&VV 



EO M ™JBA(Test) 



SAMPLING AND CORING 
OPERATIONS ■ 



£t bark's 



CLASSIFICATION OF MATER fALW 



is 



Boring No. 



MS « i J-A 



h 



J: ' 



7 7 
iv- /• **** 



/4 ' * 



dfv -?o*<? $ 



— — -ty _ 

/-/a wot*/ cy- X 



0 ^ t 



J 



Sift* 


Boring No. 

FD-3 0T 






DEPTH 


core/sampleIes*} 


SAMPLING AND CORING 
OPERATIONS 


CLASSIFICATION OF MATERIALS 








«tzc 


















>3 
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/WE 
/(ME 
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/ 
J 


Jfe 


1 ■ ■ 


.* x 

V- 
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■*» 
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APPENDIX B 



TYPICAL BOREHOLE PHOTOGRAPHY DATA 



CONTENTS 



FIGURES 

Figure Description 
B-l Typical Log 

B-2 Polar Diagram 

B-3 Frequency Rosette 



Sheet 2 of l6 



BORE HOLE PHOTO LOG 




80RIN0 NO. 

FD-8-T 


sire 

• Park River Tunnel 


LOCATION 

Hartford, Connecticut 


MTE PHOTOGRAPHED 

Mov 27-38, 1975 


IRIS SETTING 

5-6 and I4.O 


CONDITION OF BORING 

Good 


3CPTM PHOTOGRAPHED 

35-0 to 220.0' 


WATER DEPTH 

Flowing at Surface 


WATER CONDITION 

Clear 


PEE T CASING (In Pt»ofo> 

35-0-39.0' 


FEET CONCRETE (In Pt.oto) 

None 


FEET ROCK (tn Phvfo) 

39- 0-220. 0 1 


DEPTH RANGE 


DESCRIPTION 


1*5.5-1*6.2 


Jt., Str. M ^5 °E, dip 80 1/8" at top to 1/32" at bottom, healed 




with white material (smooth), planar, terminates at bedding Jt. at bottom. 




Gray-green rock . 


1*6.2 


Bedding Jt., Str. N-S, dip 15 °E, l/l6" partly open, rough, planar 


1*6.3-160.0 


Dark gray rock containing numerous small irregular white inclusions 




At "5-1 feet rock-.Kraduallv'-chVm-geriOfiri dark .:blue-«i?av ' 




color- 


53.6 


Jt. Str. N 70 °E, dip 20 °SE. 1/32-1/16" partly open, stained, rough, planar 


53.9-5**.l 


Jt., Str. 3 20 °W, dip 30 °23E, 1/32-1/16" partly open, stained, rough. 




planar 


5^.3-5^.7 


Jt., Str. H 30 °W, dip 50 °NE, hairline-l/32" , healed with white material, 




rough ana irregular 


56.2-56. is 


Jt., Str. about fl-S, dip 45 °W, 1/32", healed with white material, rough, 




irregular, discontinuous 


56.7-57.9 


Jt., Str. N 30 °E, dip 80 °NW, hairline-l/32", healed with white material, 




rough, planar, discontinuous 


58. U-59- 3 


Jt., Str. H 10 °E, dip 75 °W, 1/32-1/16" healed with white material, rough, 




planar 




Jt., Str. N-S, dip 10 °E, l/l6" healed with white material, rough, irregular 


59.0-59.5 


Jt., Str. N 10 °E. dip 75 °W. l/l6" healed with white material, rough, 




planar, discontinuous 


59.7-61.5 


3 Jts., Str. N 10 °E, dip 75 °V, 1/32-1/16" healed with white material, 




rough, planar 


60.1-60.2 


Jt., Str. N 70 °E, dip 30 °SE, 1/16-1/8" partly open, stained, rough, 




irregular 


60.5-61.6 


Jt., Str. N 10 °E, dip 75 °W, 1/16-1/8" healed with white material, rough, 




planar 






PHOTOGRAPHED BY 

Bi chard Hunt 


LOGGEO BY j 

Richard Hunt 



H 57 2391 (TRANSLUCENT) PREVIOUS COITIONS ARE OBSOLETE 




FIGURE 8-2 



APPENDIX C 
WELL DATA AND PUMP TESTS 
CONTENTS 
TABLES 

C-l SUMMARY OF WATER LEVELS 

C-2 SUMMARY OF PUMP TEST RESULTS 







SUMMARY OF WATER LEVELS 


BOREHOLE 


2T 


3T 


iiT 


6T 


9T 


11T 


12T 


17T 


ii 






101 [i) 


1 CT 


Cdl. 




lb I 


2fT 


2oT 


29T 


30T 


31T 




PIEZOMETER (PZ) 
OR OPEN WELL (OW) 


PZ 


TVT 

PZ 


PZ 


PZ 


PZ 


PZ 


OW 


OW 


PZ 


PZ 


OW 


pz/ow 


OW 


OW 


OW 


OW 


OW 


OW 


OW 


OW 


OW 




GROUND EL. (FT) 


69.5 


19.5 


63*6 


18.0 


76.8 


69.0 


59.9 


60.5 


61. k 


62. 1 






Ik. ft 


77 7 






71 

J* 


91 7 


99 

C.C. 


1ft < 


t 

cU. f 




DEPTH TO PZ 
TIP OR BOTTOM 


58.9 


29 


56.7 


32.6 


85.5 


1*3 


220.li 


199.7 


78 


33.5 


97 


27. V 
221 


L89.0 


>lit.6 


191.0 


lf>8.5 


213.2 


>05.i 


200.5 


193.2 


200o0 




depth to mror (ffpt) 


35 . 




— ±(oO 


■JJ..U 


80.5 


37.7 


16. k 




60 


28.8 


2^.7 


6.0 


21,3 


28.3 


80.0 


55.2 


92.1 


85.5 


69.0 


5U.0 


75.0 




STATION 
(OFFSET ) 


72+80 
C30R) 


21+92 
(217R) 


kk+15 
(366L) 


28+31 
(60R) 


9k+66 
(35R) 


38+62 
(19L) 


k3+36 
(30R) 


b8+79 
(23L) 


97+50 
(WL) 


51+88 
(17L) 


k6+20 
(17L) 


62+56 
(33R) 


35+86 

(20L) 


57+55 
(U5D 


7+25 


98+20 


U+36 
22R 


13+50 
17R 


15+65 


23+IO 

?8L 


17+50 
dm) 




DATE 










DEPTH TO WATER (FTl 












3/22/73 


S.9 


7.1 

M-a 










































3/29/73 


6.1 


7.? 


11.0 








































7/31/73 


7*2 


9.9 


20.5 








































8/8/73 


7.U 


10.1 


20.8 








































8/16/73 


7.1* 


10.2 


20«9 








































8/20/73 


7.8 


10.3 


12.5 








































8/29/73 

r\ H imi 


7.9 


10.9 


Ik.l 








































9/6/73 


8.0 


11.1; 


16.0 








































9/12/73 


8.0 


12.0 


16.7 








































9/17/73 


8.0 


12.6 


18.0 








































9/2U/73 


8.2 


1?. 6 

JUc • VJ 


— *Z».*L- 








































'[LO/2/77 


8.k 


19. 7 


91 ft 








































10/lO/77 


6.5 


1 9. 7 


— c£jlh 








































10/U/73 


















36.6 




























12/13/73 


6.9 




97. 7 

— ^ ' « -J 












3k. 6 




























3.0/28/75 


5.1 


8.1 


2k. 6 j 


5.8 


16.9 


30.5 


22. h 


5.9 


3U.lt 


8.1 


21.1 


9.9 




3.9 


















U/U/75 


5.U 


9.U 


2li.lt 


7.1 


16.9 


30.5 




6.1 


3U.2 


9.7 


22.2 


10.2 


3.5 


U.5 


















B/10/75 


5.7 


9.6 


2i;.0 


6.9 


17.2 


31.0 


25.1 


6.1 


3k. k 


10.0 


23.2 


10.5 


3.7 


k-9 


















12/10/7*; 


•5.3 


9.S 


2k. 0 


6. 6 


17.2 


10. k 




5.li 


33.7 






8.6 


1.1 


li.3 


k.8 
















5/17/76 


6.1 


8.7 


21.7 


6.8 


back- 


30.7 


2k. 9 




33.7 


10.7 




ll.li(l) 


3.3 


5.0 


3.5 


22.7 














6/V76 




10.2 


21.7 


7.2 


filled 


31.3 


2k. 9 


5.5 


26.3 


10.9 


21.8 


11.5 


3.0 


5.0 


3.3 




2k. 3 












7/22/76 


7.5 


16.0 


23.2 


13. U 




33.6 




7.6 


3k. 1 


12.3 






11.0 


6.0 


3.2 


29. k 




17.8 


17.2 








11/3 - y»6 


5.7 


10.7 


25.2 


7.3 




33.7 


26.6 


6.7 


33.7 


10.9 




11.6 


9.8 


5.1* 


5.6 


27.3 


23.2 


17. ft 


1 7. 7 

JO* J 




Ton 




































i 
















































































































































































































































































































i 




























































































































NOTES 

!• Piezometer in original shallow borehole destroyed for borehole deepening. 
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TABLE C-l 



SUMMARY OF PUMP TEST RESULTS 



FD- 


STAT 1 ON 


GROUND 
ELEVATION 
(FT) 


DEPTH TO 
BEDROCK 
(FT) 


DEPTH TO 
SCREEN 
(FT) 


STATIC 
WATER DEPTH 
(FT) 


GPM 


12T 


^3+36 


60 


16 


177 


32.8 


11 


1 QT 




34.6 


21 .3 


160 


47.5 


12 


25T 


7+25 


13 


87 


160 


14.5 


11 


26T 


98+20 


55 


55 


150 


66 


9 


27T 


11+36 


31 


92 


149 


31 


13 


29T 


15+65 


22 


69 


155 


21 


13 


30T 


23*10 


18.5 


54 


150 


18.1 


11 



APPENDIX D 



Paragraph 



D-l 

Figure 

D-l 
D-2 

D-3 

D-4 

D-5 

D-6 

D-7 

D-8 
D-9 



LABORATORY TESTING AND RESULTS 

CONTENTS 

Subject 
Laboratory Test Procedures 



TABLES 
Summary of Test Results 

FIGURES 
Description 
Swell Test 

Typical Sliding Friction Test 
Unconfined Compression Test with 

Measured Strain (Red Shale) 
Unconfined Compression Test with 

Measured Strain (Gray Shale) 
Unconfined Compression Test with 

Measured Strain (Red Shale) 
Unconfined Compression Test with 

Measured Strain (Basalt) 
Unconfined Compression Test with 

Measured Strain (Basalt) 
Multi-Stage Triaxial Test Result 
Core Showing Stress Relief 



LABORATORY TEST PROCEDURES 



Due to lack of well defined laboratory procedures, the following tests 
are briefly described below, 

1. Sliding Friction on natural bedding joints were tested in a direct 
shear device using a cylindrical shear box adapted to accommodate "NX" 
diameter rock core. All sliding friction tests were conducted at a 
constant strain range of 0.008 to 0.012 in/min. and at normal stresses of 
5, 10 and 15 T.S.F., and all open joint surfaces were in an immersed 
condition. For laboratory notes and typical test data see Figure 0-2. 

2. Multi-stage Triaxial Tests on saturated undrained specimens were 
conducted in accordance with CRD-C 11*7-68 and as outlined in Appendix W C* 
of MRD First Interim Report, dated July 1966, titled, Strength Parameters 
of Selected Intermediate Quality Rocks. All cores were surface prepared 

to within required tolerances using Concinnati centerless and pope standard 
surface grinding machines. Samples were tested at constant rates of strain 
and at varying confining pressures; total duration of these tests ranging 
from 2 to 20 minutes. For laboratory notes and typical test data see 
Figure D-4. 

3. Modulus of Klasticity and Pois son's Ratio were computed from results 

of controlled strain measurements taken during unconfined compression testing 
data obtained separately on rock core specimens and from dynamic test data. 
In this connection, strain gages for the static determinations were applied 
to rock specimens primarily as outlined in Appendix "B" of MRD First Interim 
Report dated July 1966, titled, "Strength Parameters of Selected Intermediate 
Quality Rocks. Dynamic tests were performed using "Terrametrics" Sonic 
Velocity equipment and in accordance with the procedures furnished therewith. 

h. Unconfined Compression Tests were conducted in accordance with the 
standard procedures. 



D-1 





SUMMARY OF TEST RESULTS 


1 


BOREHOLE NfTMRFR 


FD-8T 


FD-9T 


CORE DIAMETER 


NX 


NX 


DEPTH OF SAMPLE 
(FEET) 


oo-oo 


OO-OO 


OO-OO 

(S3) 


93-96 

^ / 


93-96 

Lm^J 


93-96 
— Lfl*iJ 


93-96 

— ^ ox 2 ' 


93-96 

\ l3 - L jj , — 


102-103 
WJtJ 


102-103 
\uC J 


I58j,8- 
159. 9 


172.1- 
173 


iug ' " 


11*0.1- 
11*0.8 


143.0- 11*5.7- 

iiii*.o ; H46.9 


HOCK TYPE 


BASALT 


BASALT 


BASALT 


BASALT 


BASALT 


BASALT 


BSSALT 


BASALT 


BASALT 


BASALT 


BASALT 


RED SHALE 


RED SHALI 


RED 
SANDST0NI 


RED 
SANDSTONI 


APHANTTE 


SPECIFIC 
GRAVITY 
• 20* C 


APPARENT 


2.76 


2.78 


2 77 


9 7ft 


9 77 


0 7ft 


9 77 

Cl l J 


0 77 


2. fi^ 


2. ftl 


2.88 


2, 72 




2. 79 


2.69 


2.70 


BULK DRY 


2.72 


2.73 


2.73 


2.76 


2.76 


2.76 


2.76 


2.75 


2.81 


2.80 


2.87 


2.67 




2.73 


2. S8 


2.^1i 


BULK SSD 


2.73 


2.7U 


2.7U 


2.77 


2.77 


2. 77 


2.77 


2.76 


2.82 


2.81 


2.86 


2.69 




2. 7^ 


2.62 


2.60 


UNIT WEIGHT (t>cf ) 


lAQ 7 


1 7f> )> 


— iXUt U 


1 ( ^. X 


T TO O 
1 72. / 


172 2 


1 70 2 


1 71 A 


— L.j 


17ti. 7 


179.1 


166.6 




170. k 


161.0 




ABSORPTION % 




U. U 


Q*i* 


A 7 


n ft 


A 7 
U*-f 


n ft 

U*_0 


n ft 

Li...O 


0. 1 




o.ii 


0. 30 






0. 80 


1.6 


2.^0 


SATURATION % 


0 " 


100 


0 


0 


100 


100 


100 


0 


100 


0 


0 


0 






0 






SONIC 
VELOCITIES 


IS 


9 300 £s5 








15,300 


13, 970 




















111- 770 




9 600 psi 








15, 300 


21.290 




















Hi. 776 




9 900 psi 








li*.790 


22,360 




















l=;,3li0 




le 

EC << 
CO jg 


9 300 psi 








U.570 


2,210 
f — — 




















li.3li0 




9 600 psi 








1*,570 


h,380 




















U,3U0 




9 900 psi 








U,670 


i*,860 




















U,750 




S 

O 
g 


POISSON'S 
RATIO 
U 


9 300 psi 








O.I1I16 


0. 1187 
























a 6oo psi 








0.1*1*6 


0.1*78 




















O.U53 




9 900 psi 








0.1*1*5 


0.1t75 




















0.1*1*7 




SHEAR 
MODULUS 


9 300 Mi 








0.777 


0.183 




















0.65? 




9 600 p*i 









0.777 


0. 712 




















0.6*i2 




, a 
MODU 


,*iO$ 


9 900 psi 








0.810 


0. 87li 




















0.781* 




LUS 


9 300 psi 








1. 210 






















1. 900 






9 600 psi 








1.210 


2.101* 




















1,900 




9 900 psi 








2,31*0 


2.578 




















2,270 




0NCONFINED COM- 
PRESSION (psi) 






















8,870 




8,370 


9,350 


9,536 


2,700 (1) 


UNCONFI] 
C0MPRE& 


IRD 


max (psi) 


J.J. p j 3VJ 


j.x,yz<j — 


2, ?4 U 






2 j Bay — 


TP 7 ■an 


— , y,iiUv — 


- 1 - *t r* IJtJ 






7 n*?n 

( t UfU 










5 


U 




fl 22 
v* 








lol 


0. h.7 


0. 30 


0.10 


0,25 




0*32 












EfcsixlO 6 ) 


7.27 


6.0 


2-7 










2 fi< 


'■J 1 


2 6n 




5»oo 










TRIAXIAL 
SHEAR 




































U 


































inr 




psi 




































4 


































TRIAXIAL 


o(tsr) 


































SLIDING 
FRICTIDI 


—t 


































c(tst) 









































































































(1) 3«nple had natural fracture prior to application of axial load. 



TABLE D-l Page 1 





ST7MMART OF TEST RESULTS 


BOREHOLE NUMBER 


FD-9T FD-12T FD-13T 


CORE DIAMETER 


NX h IN- NX 


DEPTH OF SAMPLE 
(FEET) 


j* o— 

15U.U 


XO ( . v> 

167.6 






50. y- 

57. h 


-LOO* 7— 

168.2 


173.2 


i pe* 7 PX 

J. op -loo 










139.2- 
I4O.8 


li*0.9 - 
lfil.7 


152.2- 171.2- 
153.1 172. V 


BOOK TTPE 


APHANITE 


APHANITE 






RED 
SHALE 


BLACK 
SHAIE 


RED 

SHALE 


RED 
SHALE 










RED 
SHALE 


SHALE 


RED 1 RED 
SHALE ; SHALE 


SPECIFIC 
GRAVTTT 

a 20 c 


APPARENT 


2.68 


2.71 








2.70 


2.72 


2.73 










£-*-f J 




1 

2. 73 
fct t j — 


2.72 


BULK DRT 


2.L6 


2*69 








2.6U 


2o68 


2.68 










2.70 




2.68 


2.68 


BULK SSD 


2.5U 


2.65 








2.66 


2.70 


2.70 










2.71 




2.70 


2.69 


UNIT WEIGHT Xpcf ) 


153.5 


163.5 








167.2 


167.2 


167.2 










168.5 




167.2 


167.2 


ABSORPTION % 


3-2 


1.3 






















0.5 




0.6 


1.1 


SATURATION % 


0 




























0 




t 

o 

it 


SONIC 
VELOCITIES 


IS 


9 300 psi 


lit, 160 




























10,760 




9 600 psi 


lii,l60 




























12,100 




a 900 psi 


15.250 




























12.k90 




is 


d 300 psi 


3,890 




























1.330 




■9 600 psi 


U.310 




























i,U5o 




« 900 psi 


U,360 




























2,250 




POISSON'S 
RATIO 
U 


a 300 psi 


O.U59 




























0.1i92 




9 600 psi 


0. 




























0.ii93 


, 


9 900 psi 


0.1*55 




























0.1*83 




SHEAR 

MODULUS 

fipaix 


« 300 psi 


0. 500 






















■ 






0.06"? 




9 600 psi 


0.615 




























0.078 




fl 900 psi 


0.629 




























0.183 




MODULUS 
EuSflCITl 


(3 300 psi 


1.1*60 




























0.190 




@ 600 psi 


1.780 




























0.230 




SfpsixlO^ 


9 900 psi 


1.830 




























0.51*0 




UNCONFINED 
PRESSION 


COM- 
fpsi) 




6,660 






















11,080 






6,U9U 


UNCONFINED 
COMPRESS 
MEASURED 
STRAIN 


max (psi) 














11.800 
















h Ron 




21 


0.10 




























0*12 




E(pei xlOP) 


3.0 




























2.6 




TRIAXI& 
SHEAR 


Ejpsi xiKP) 


































U 


































psi 


































MULTI-STAGE 
TSIAXIAL 




































G(fST) 


































SLIDING 
FRICTION 




































C(TSF) 














































a> 


























































(1) Swell test performed. 

i 



! TABLE D-l (CONT'D) Paee 2 

1 



I 


STIMMAKT OF TEST RESULTS 


BOREHOLE NUMBER 


FD-ll*T 


FD-16T 


FD-18T 


FD-19T 


CORE DIAMETER 


NX 


NX 


NX 


k IN. 


DEPTH OF SKNPLE 
(FEET) 


2??. It- 
22U.7 (H 


fL CC% (4— 

221^.7 (2) 


t cc » t*— 

221*. 7 (3) 




66 


78.0 - 






35.0 - 
35. h 






32.7- 
33.0 


35.7- 
36.0 


36.7- 
37.1 


129.lt- H*ii.7- 
131.5 ! 11*5.6 


ROCK TTPE 


SHALE 


SHALE 


SHALE 




RED 
SHALE 


RED 

SHALE 






RED 
SHAIE 






RED 
SHALE 


RED 
SHALE 


RED 

SHALE 


GRAT 

SHALE 


RH} 
SHALE 


SPECIFIC 
GRAVITY 
<3 20° C 


APPARENT 


2.67 


2.69 


2.67 




2.77 


2.72 






2.78 






2.79 


2.78 


2.78 


2.66 


2.73 


BULK DRT 


2.57 


2.53 


2.55 




2.61 


2,60 






2.65 






2.72 


2.65 


2.65 


2.61 


2.67 


BULK SSD 


2.60 


2.53 


2.57 




2.67 


2.65 






2.69 






2.72 


2.69 


2.69 


2.$3 


2.69 


UNIT WEIGHT (pcf ) 


160. U 


157.9 






162.9 


162.2 






165. li 






17Ji.l 


173.? 


173.5 


162.9 


166.6 


ABSORPTION % 


1.2 


2.3 


1-7 




2.1 


3.6 






1.7 






1.5 


1.8 


1.8 


0.7 


0.7 


SATURATION % 


0 


0 






0 


0 


■ 




0 






0 


0 


0 


0 


0 


M 

E-t 
O 

c 


SONIC 
VELOCITIES 




9 300 psi 


20 f 930 


19,650 








0. firm 






Q.)i8n 
















9 600 psi 


23^ii0 


19 f 650 






13,970 


WWW 

n,=;6o 






1 %1 90 
















9 900 psi 


23.51*0 


17.860 






13 f 970 


ll r 870 






13 f 120 


















9 300 psi 


2,670 


fc,320 






3,520 


3,550 






2,1*9° 
















9 600 psi 


2,750 


i*,270 






3,720 


3,760 






3,U10 
















9 900 psi 


2,900 


1*,680 






3,920 


3,960 






3,710 
















fOISSON»S 
RATIO 
U 


9 300 osi 


0.1*92 


0.1*75 






0.1*31 


O.Wi2 






0.k6k 
















9 600 psi 


0.1*93 


0.1*75 






0.1*60 


O.MJ. 






0. 1*75 
















6 900 psi 


0.1*92 


0.1*63 






0.1*60 


0.1*88 






0.1*57 
















SHEAR 

MODULUS 

(ps?xOf£) 


9 300 psi 


0.21*8 


0.63U 






0.1*35 


0.1*33 






0. 215 
















@ 600 psi 


0.262 


0.622 






Oc 509 


0.1*85 






0.1*05 
















9 900 psi 


0.291 


0.71*5 






0. ?39 


0.538 






0. 1*78 
















MDDULUS 


9 300 psi 


0.7liO 


1.870 








1. 2i*9 






0.630 
















ELASTIC 
E(pSi x: 




9 600 psi 


0. 780 


1.81*0 






1.1*86 


1.3U8 






1.195 


















)• S*XJ psi 


0. 870 


2.180 






1.57li 


1.655 






1.393 
















UNCONFINED COM- 
PRESSION (psi) 






12,256 
























U,329 




UNCONFINPD 

COMPRESS 
MEASURED 
STRAIN 


max fpsi) 


















9,500 






2,703 


5,865 






6,897 


U 


















0.25 






0^65 


0.26 






0*06 


3(psixi6 


















0.7 






0.2 


0.9 






3.0 


TRIAXIAL 
SHEAR 


SfcsixlCT) 


































U 


































psi 


































MULTI-STAGE 
TRIAXIAL 




36' 
































C(TSF) 


h 
































SLIDING 
FRICTION 


























i 




27.3* 






C(TSF) 




























0.55 















































































TABLE D-l (CONT'D) Page 3 







SUMMARY OF TEST RESULTS 


BOREHOLE NUMBER 


FD-19T 


r FD-20T m^T ™.9*r 


CORE DIAMETER 


U IN. 


NX NX U IN. NX 


DEPTH (F SAMPLE 
(FEET) 


160. 7- 
161.6 




"1 I A T 

1U0. 1- 
lkl. 9 

JJ^«L. c 


156. 1* 

JO f «£ 


168.6- 

T 70 n 
J. ( u. u 


153 - 


153. U- 


165.1- 
100 


T71 It 


171. li- 

179 C 


180 - 

XOJ.. J 










BOCK TTPE 


SHALE 


RED 


RH) 

CHAT T? 


GRAY 

SHALE 


RED 
SHALE 


BLACK 
SHALE 


BLACK 
_^HAL£ 


RED 
SHALS 


RED 
SHALK 


RED 
SHflT.E 


RED 

SHAT.K 










SPECIFIC 
GRAVITY 
• 20 # C 


APPARENT 


2.70 






2.77 




9 






9 70 















BULK DRT 


2.61i 


2.58 




2.73 


2.73 


2.65 






2.67 




2.68 












BULK SSD 


2.66 


2.69 




2.75 


2.75 


2.66 






2*66 




2.69 












UNIT WEIGHT (pcf ) 


16U.7 


161.0 




110. k 


170. k 


165. h 






166.6. 




L67.2 


1 
1 










ABSORPTION % 


0.9 


0.7 




0. fi 


























SATURATION 


t 


0 


0 






























| DYNAMIC TESTING 


SONIC 
VELOCITIES 




9 300 psi 








18 li70 


























© 600 psi 




13,860 




18,U70 


























9 900 psi 




16,380 




17,630 




























0 300 Dsi 




1.700 




2.690 


























0 600 Dsi 




2,370 




3.370 


























0 900 Dsi 




Ann 




U.9J.U 


























FOISSON'S 
RATIO 
U 


a "500 Tiai 




n l,AA 

U» iiOO 




A l.fto 


























0 600 psi 




O.U85 




0.k83 


























® 900 psi 


































SHEAR 
MODULUS 

fp«ix xfi) 


O 3UU PS3 




0.105 




0. 266 
















1 
1 










3 600 psi 




v -'« A7? 




n in 0 


























® 90Q psi 




0.ii51 




U. 7Uo 


























MODULUS 
OF 

ELASTICITY 


0 300 psi 




0.298 




0.790 


























a OOP psi 




0. £98 




1. 2U0 


























« 900 psi 




1.29k 






























UWCONFINED 
PRE3SI0N 


,C0M t 
(psi) 






8,920 




6,270 




1*,575 








11,31*0 












unconfined 

o&m»ks 
MBOTRED 

STOAT* 


max (pni) 




t ^ inn 




10,580 


































n i< 






























O.li 






























TRIAXIAL 
SHEAR 


tfp*ri riff) 


































U 


































psi 


































MULTI-STAGE 
TRIAXIAL 

mcnm 




































C(TSF) 
























i 










4 
























j 










C(TSF) 











































































































TABLE D-l (GOm •&) F*g« h 





SUMMARI OF TEST RESULTS 


BOREHOLE NUMBER 


FD-2liT FD-25T FD-26T irn-ow 


CORE DIAMETER 


h IN 


h IN. , k IN* 


T) 1TPTH HIT <A1fPT V 

(FEET) 


155.5 (si 


■ 155.5(S2 


*■ 

1 157.1 


163.5 


XOj. U— 

166.6 


yx. x- 

92.0 


XcXo 7 

123.1 


xcy. o 
130.9 


l_>Xt u- 

132.0 


1 ■aft 7_ 

139.7 


1 7_ 
157.0 


100. U" 
169.1 


99* 3* 
100,3 






BOCK TYPE 


BASALT 


BASALT 


BASALT 


BASALT 


BASALT 


RED 
SHALE 


RED 
SHALE 


RED 
SHALE 


RED 
SHALE 


RED 
SHAIE 


RED 
SHALE 


RED 
SHUE 


RED 
SHALE 






SPECIFIC 
GRAVITY 
• 20* C 


APPARENT 


2.77 




2. 77 


2.77 


2.77 




?. 7^ 


2.69 


2.71 




9.7^ 








\ 


BULK DRT 


2.72 




2.72 


2.7U 


2.68 


2.68 


2.66 


2.61; 


2.65 


2.62 


2.66 


2.65 










BULK SSD 


2.71 




2.71 


2. 75 


2.70 


2.70 


2.68 


2.66 


2. 67 


2.6? 


2.68 


2.68 










UNIT WEIGHT (vet) 


xoy. y 




1^0 7 


X fx. u 


1^7 9 


1^7 9 
XOr • £ 


xoo. u 


T j£ 1. 7 
lOii. / 






loo. U 












ABSORPTION % 


0. 72 




0. 79 


u.ao 


u. 


n ft 


a o 


a 7 
U. f 


a o 


a o 


A O 


-1 I, 










SATURAT 


10* % 


0 
































O 

B 

; 


SONIC 
VELOCITIES 




0 300 pel 


































0 600 psi 


































• 900 pai 


































CO 5 


#300p8i 


































0 600 psi 


































• 900 psi 


































POISSON«S 
RATIO 
U 




































0 600 psi 


































• 900 psi 


































SHEAR 

MODULUS 

fesLxl*) 


V jw pox 


































• 600 psi 


































• 900 Dai 


































MODULUS 


w .aw pax 


































t 600 pai 


































• 900 psi 


































UNCONFINED 
PRESSION 
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MEMBER FORCES 
MEMBER SHEAF. 



(LOCAL COORDINATES) 
MOM Ei J T 



THR!T«T 



1 


.00332 


.02377 


-7 .22635 


2 


- .00328 


. 0 17 17 


-7. 23 29 4 


3 ' 


- .0 0417 


. 00377 


-7. 39097 


4 


- .000 1 0 


.004 57 


-7. 55141 


5 


.0 0153 


.0 1164 


-7. 75 1 40 


6 


-.00 35 7 


.00426 


-3 . 00637 


7 


- . 0 0 0 53 


.003 10 


-3 .23227 


3 


- .000 1 5 


.0 023 1 


-3.5dS.9 1 


9 


- .00333 


- .0 0333 


-3.9 0 1 59 


10 


.00216 


.00045 


-9. 2227 1 


1 1 


- .00343 


-.0 0 646 


-9. 53622 


12 


.00022 


-.00502 


-9.340 13 


13 


- .0 0 09 1 


-. 0.073 5 


- 10. I 139 0 


14 


- .0 0 29 1 


-. 0 1370 . 


- 10.35792 


1 5 


- .0 0 249 


- . 0 1872 


- 1 0. 5S 1 66 


16 


.00021 


■ -.01330 


- 1 0. 72473 


17 


.00370 


- . 0 1034 


- 10.33739 


18 


.00209 


- .00663 


-1 0.39733 



lc~ i F, y 

r j>eL.Il-O t £2JlFi 
CI p. -£>*3 



BLOCKING POINT THRUSTS 



JOINT THRUST 

1 -»;319> 

2 - 1.2 59 54 

3 -1.27739 

4 -1.30V SI W 

5 - 1 .3 3 60 5 

6 -1 .36839 

7 - 1 .42321 

8 -1.45 99 5 

9 - 1 .5229 1 
10 - 1 . 58 2 1 7 

@ II -1< .63133 

12 -to 9 155 

13 - 1.733 57 

14 -1.73201 

15 - 1 .8 2343 

16 -1.8 53 55 

17 - 1 53 134 

18 -1 59509 

19 -.94597 



ND JOINT REACTIONS 
OINT X -FORCE 



moment 



v- FORCE 



FIRST 
LAST 



IC-I' 



- .0 1709 
- . 0 0 65 3 



7. 19351 
10.3 5652 

JOINT DISPLACEMENTS C GLOBAL COORDINATES) 



JOINT 



0. 



ROTATI ON 



0. 



1.00000 
-.95000 



-.00030 
_ nnnie 



RADIAL 

-.00030 

nn330 



1) 

17 
19 



. 00 0 53 
.00 042 
.0 0 0 24 



- . G u 0 2 Q 
-.000 15 

- . 0 0 0 0.-3 
0- . 



0 0 503 P-/5" • Q C A '> i 

0 0 54 S .00 527 

0 0 575 . 0.057 1 

00536 .0Q53S 



M EM 3 EH FORCES 



CLOCAL COORDINATES) 



MEMBER 
I 

2 

3 

4 

5 

6 

7 

8 

9 
10 
1 1 
12 
13 
14 
1 5 
16 

17 - 
13 



SA EAT 



0 0 093 
. 0303 1 
. 0 26 5-3 
.0 0 344 

- .0 60 55 

- .17 6)4 

- .32273 

- .47372 

- .41 297 

- .1 4204 
. M43S 
.23 23 4 
. 39 279 
.43514 
.41 356 
.3 54> '3 

-.24279 
. 1 2 69 9 



MOMENT 



Til^UST 



.7 0445 


73 . 50 0 50 


. 7 ft S 4'» * 


7^.44206 






.5 253 5 


73. 1> 7 3 5 


. 70 400 


72 .97 C33 


. 34362 


7 2.74504 


- . 300 53 


72. 50765 


- 1 .2539 4 


7 2. 27)3) 


-2. 03 418 


7 2.- 0 37 03 


-2. 37042 


7 1 . 75 433 


-2. 1 4027 


7 1 . 44572 


- 1. 57 135 


7 1.11200 


- .73 1 1 1 


70. 77517 


.09453 


70. 45936 


■ 52662 ' 


7 0. 173 49 


1 .S 399 2 


) 9 . 9 463 7 


2. 123 53 


. 69.73 627 


2.33 40 5 


69 . 69937 



BLOCKING POINT THRUSTS 



JOINT 
1 

2 
3 
4 
5 
6 
7 
3 
9 
1 0 
1 1 
12 
13 
14 
1 5 
16 
17 
18 
19 



THRUST 



6 .39 51 0 
1 2 .79 1 33 
12- .73 9 42 
12 -79 551 
12 .7933 1 
12 ^ 1 33 3 
12 & 0941 
1 2 .7 629 5 
12 .53 2> 52 
1 2 .240 0 0 
12.24137 
12 .25073 
12 .26094 
12-26555 
12 .27 63 1 
12 .27513 
12- £3 39 2 
12.23721 

6 .19 00 0 



ND JOINT REACTIONS 
OINT X-FORCE 



FIRST 
LAST 



-73. 220 17 
-69 .423 0 5 



MOM EN T 



- .70643 
2. 33405 



Y- FORCE 



-6. 09 0 00 
6. 19 0 0 0 



15 - .0 0 129 - ■ .0 0 0 56 -. 0 0 442 p-/£, . 0 0256 

16 -.000*3 -.00061 -.00543 .00439 

17 -.0 0013 -.00051 -.0 05 49 .0 05 04 

18 ' . 00 000 -.0 0029 -. 0 0729 . 0 07 13 

19 0 . 0 . -. 00759 .00759 



MEMBER FOPCES 



MEMBEP 



SH EAR 



(LOCAL COOP DI MATES) 



MOMENT 



THP.UST 



1 


.00 069 


. 7 39$ 7 


13 . 7441 7 


2 


.0 1 397 


. 73 7 73 


13 . 63 7 20 


3 


. 0 2> 2 4 


.32053 


18 . 57373 


4 


. 04400 


.90907 


18. 4070 1 


5 


. 0 529 1 


1.01 554 


18 . 1921 0 


6 


.0 3175 


1 .07941 


1 7 . 9 33 6 0 


7 


- .05303 


.972*5 


17.3. '62 23 


8 


- i243 62 


.43 234 


17. 333 !44 


9 


- .5423 5 


-.6 09 63 


17. 13339 


10 


- .89773 


- 2 . 4 1 53 .9 


13 .33327 


1 i 


- 1 .149 14 


-4.723 4S 


16.37 0i J6 


12 


- .99 4 n 


-3 7 29 0 4 


1 5. 553 21 


13 


. 19 030 


-. S 34617 


14. 3941 5 


14 


1.47 0 33 


-3. 337 12 


12.9 23 '27 


15 


2. 0541 0 


. 7 454) ! 


1 I. 32747 


16 


1.97349 


4.72505 


9.35 031 


17 


1.36093 


7, 45 413 


3.751 17 


18 


. 39 1 1 3 


8.25099 


3. 1 6552 




K-JOOO 



BLOCKING POIMT TUPUSTS 
JOHJT THRUST 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
1 5 
16 
17 
18 
19 



1.3 299 5 
3.2531 1 
3.23367 
3.20 643 
3 .13051 
3. 169 65 
3 .13 3 33 ' 
3 -24299 
3 .31.03 5 
3.31332 
3.1 5219 
2.5 2749 
1.43097 
1. 1 0 559 
1 .53209 
1 .9 2259 
2.23644 
2.4423) T 
1.10000 



KD JOIMT REACTIONS 
QIMT X- FORCE 



MOM ETi T 



Y- FORCE 



FIRST 
LAST 



- 18. 3 7276 
-8 .10026 



- .7 33 29 
3 .25099 



. 15 00 0 
1 . 1 0 000 



13 - .0 02 14 -. 000 1 0 -. 00257 fc -. 0 00 57 

IH - -0 0 IB 1 -.00030 -.0023 ! f~~' / .00042 

15 -.0 0126 -. 0 00 47 -.0 0337 .001 77 

16 ' -. 0 0 05.7 -. 000 53 -. 00420 . 00331 

17 - .0 0 024 -.00045 -.00511 -0 0472 
IS -.0 0004 -.000 26 -.00 53 1 .00 57 1 
19 0. 0. -.00507 .00607 



MEMBER FOP.CES (LOCAL COORDINATES) 

MEMBER SHEAR MOM EM T THRUST . ^^J^^^^ 

1 .0040 1 .>!208ii 5.58 027 -p , 

2 .0 07>?7 .635 31 6.5 2271 _2ECL OtSZTlf- 

3 -0 1639 .66923 6. 51 137 ^x*MHU\- £ot>P*(LT 

4 .03423 .733 14 6.34S 65 ^,cO, 

5 .04285 .32436 5 . 13003 

6 • 02 1 55 '3> 772 5.87928 p ~ nd Q. 

7 - .0 4 0 2 7 . 7 3 6 7 2 5.5 0 45 1 L^-r- ~Uf& 

8 - .18 589 .41260 5.31975 

9 - .418 3 5 -.4289 6 5.0 57 63 
10 -oS561 -1 .3 10 13 4.77263 
1 1 -.9 1022 -3.i!4209 4.22335 

12 -.87675 -5.40559 3.37735 

13 -.14305 -5.S9333 2.23653 
1/, 1 . 15254 -3.37397 .8 2732 

15 1 .79747 .24232 -.71397 

16 1 .82007 3.90327 -2. 15245 

17 1.3253 5 6. 57 169 -3.247 43 • 

18 . 43 6 1 0 7 . 5 49 53 r 3. 8 4224 



BLOCKING POINT THRUSTS 
JOINT THRUST 

1 .577 15 

2 1.157 19 

3 1 .1355! 

4 1.10330 

5 1.07SiS 

6 1. 0 677 5 

7 1.0 623 1 

8 1.09670 

9 1.13713 

10 1 .12243 

11 1.00775 

12 .52330 

13 -.24143 

14 -1.02363 

15 -i!33G2 

16 - .2723 5 

17 .02195 

18 .21790 

19 .15000 



ND JOINT REACTIONS 

OI?JT X-FO"CE MOMENT v-FORCE 



: c . te;<;i <; 



t rt ft n r. n 



14 

15 
16 
17 
18 
19 



- L' U X V U 

.00 102 
. 0 0 024 
.00020 
.00024 



0. 



- -U U U ) 4 

- . 0006 5 

- -0 0 03 3 
-. 00072 

- .0 0 0 40 
0 . 



tUUO'C 

.0 03 0 1 
. 00963 
. 0 1 124 
.0 1 242 
. 0 1 23 6 



P-/6 



0 0 543 
00322 
0 1 063 
0 1223 
0 t 23 6 



MEMBER FORCES 



MEMBER 



SH EAR 



CLOCAL COORDINATES) 



MOMENT 



THRUST 



1 

2 


- .0 0 23$ ; 
.03752 


1. 20 629 
1 .23 13 0 


8$ .$ 23 37 
35 . 559 52 


_DtrC_ J— CjiSjL 


3 


.0 5 53$ 


1.394b* 


35 . 45435 




4 

5 


.03 092 
-08414 


1.5569 5 
1 .72627 


36. 23274 
8 6. 0> !53 7 


6 


.02592 


1 .778 42 


85.8 10 14 


C,T,t>. bfc 


7 


- .141$ .7 


1 . 49 34$ 


8 5. 539 1 5 


8 


- .519 12 


.443>5 ! 


3 5. 29 653 


9 


- 1. 0 373$! 


- 1 . 639 1 1 


3 5.11 543 




10 


-1 .5 2213 


-4.90223 


8 4.9 6$ 27 




1 1 


- 1.7727 1 


-3. 4S 999 


8 4 . 55 7 0 5 




1 2 


-.8 2144 


- 1 0. 12224 


3 3.79$ 8 5 




13 


1 .03 427 


-7.94032 


8 2 .3 528 5 




14 


2 .22317 


-3. 4668 5 


8 1 .243 59 




1 5 


2.670V !7 


1 . 9 OS 2 1 


79 . 5193$ 




16 


2 .47399 


6.39252 


77.9 5616 




17 


1 .73525 


10 .38 49 0 


75 . 77203 




18 


.669 42 


1 1.73153 


75. 1327 1 





tIpv 



BLOCKING POINT THRUSTS 



JOIMT THRUST 

1 7. 53902 

2 15. 07337 

3 15 .0 5427 

4 1 5 .03516 

5 1 5 -0 1 59 2 

6 15.0 359$! 

7 15 .1 05 07 

8 15.2 579 4 

9 15 -38 7 26 
1 0 15 .373 19 

_ . 14 14-9 433 3 

12 13.7IS96 

13 12-. 53 09 3 

14 13.16545 

15 13.56377 

16 . • 13.9 20S.U 

17 14-219$ 6 

18 14 .40453 

19 7 .290 00 



ND JOINT REACTIONS 

CUNT X-FORCE MOMENT Y - FORCE 

FIRST -8 $. 29 73 3 -1.21204 -6-09000 

LAST -75.78404 1 1 .73153 7 .2900 1 



j J .000 3i: -.ooo 23 .00 A3 9 -. uu 04y 

12 .00033 -. 00032 .DO 425 p-/*f -.00053 

13 .00121 -.00031 .00355 -.00073 

14 .0 0 141 -.000 27 .00 23 3 -.00074 

15 .00141 -.00021 .00215 -.00 07/4 
IS .Q0122 -.00015 .00157 -.00075 
17 -41 0090 -. 00 0 1 0 •00114 -. 0 0077 
IS .00047 -.00005 .00033 -.00073 
19 0. 0. .000 79 -.000 79 



MEMBEP FORCES . 



c local coordinates) 



MEM BE" 


SH EAp 


MOM EN T 


THRUST 


1 


- • 133 51 


4. 56327 


• 

136. 70 100 


2 


- .4739? 


3. 599 27 


135 70 0 09 


3 


- .7 529 2 


. 2.03 43 4 


136.70021 


4 


- .9 23 53 


.22673 


136. 63 763 


5 


- .973 33 


- 1 .7422 1 


. 135 • 6529 1 


6 


- .38214 


-3.51698 


135 . 57520 


7 


- •> 51 0"» !7 


-4. 74530 


1 35 .42154 


3 


- .195 fD 5 


-5. 13936 


135 . 19 1 72 


9 


.42963 


-4. 27559 


135.85244 


10 


1. 0 369 3 


-2. 13963 


135. 40312 


1 1 


.95105 


- .27560 


134.90995 


12 


•59 1 56 


.9 1423 


134. 47653 


13 


.27994 


1 .477 48 


134. 13 103 


14 


. 0 67 0i 5 


1 . 61243 


133.85746 


15 


- 43 33 12 


1 . 53574 


133. 650 13 


1 6 


- .0 564'»5 


1 . 422 18 


133- 49633 


17 


- .0 522$ 


1.3 170 1 


133: 39537 


18 

• - 


.00215 

■ - - ■ 


1.32133 


133.341 57 


BLOCKING 


POINT THRUSTS 






JOINT 


TIRUST 






1 


12 .03 00 0 






2 


24 .14638 






3 


24 4)3950 






4 


24.0 0 533 






5 


23.87458 






6 


23.7 1432 






7 


23. 5308 5 






8 


23 .33497 




• 


9 


23 .1 1 534 






10 


22.99269 






1 1 


23. i 7 35 1 






12 


23 .32506 






13 


23.72904 






14 


23 .565> !6 






15 


23.41545 






16 


23.30949 






17 


* 23 .24550 






18 


23 .22189 






19 


1 1.5 0209 







LC-S 

Seel 

Kj=)ODO 

C.l.P* DfS 



ND JOINT REACTIONS 



i# - m n r* tt 



1 0 


- .0 G 094 


.00040 


- - 0 0 534 


1 1 


-. 0 0 1 63 


. 00022 


-. 0 0 573 


12 


- .0 0 192 


GGGG7 


t -.GGS 22 


13 


0 0 li 9 


-.00041 


-.00533 


14 


0 0 1 04 


- . 00 G70 


• -.00794 


15 


- -0 0025 


- . 0QG3'»5 


1 -. 00941 


16 


.00037 


- . 00036 


-.01113 


17 


.0 0 061 


~. 0 0 0> 9 


-. 0 1277 


18 


. 00043 


-.0 00 33 


-. 0 1 395 


19 


0. 


o. 


-.0 1 437 



-.00094 
-.00060 
.00032 
. 0 0 193 
.00430 
.00705 
.00933 
. 0 1220 
. 0 133 1 
.0 1437 



MEMBER FORCES 



MEMBER 

1 

2 

3 - 

4 

5 

6 

7 

8 

9 
10 
1 1 
1 2 
13 
14 
15 
16 
17 
18 



CH EAR 



- 1 

- 1 

- 1 

1 



- .0 0 > .9 2 
. 0 503 2 

- ^ 07035 
. 09423 
.07 19 4 

- . 0 40 57 

- .30 094 

- .737 0 3 
3 6 1 43 
3 1376 
40570 
1 0379 
34107 

2. 12960 
2. 39346 
2. 1 589 0 
1 . 43 0 50 
.549i .7 



C LOCAL COORDINATES) 

MQMETJT THRUST 

t. 45235 141.33797 

1 . 55462 141. 27475 

1 . 696 1 3 141 . 1 5$ 54 

1 .3353 0 I4Q- 93235 

2.03053 140.76719 

1 .9439S ! 140. 5240 1 

1 .34364 1 40 . 2'> 9 56 

-.24033 140. Gi !436 

-2.9 79 12 139.93193 

-6.. 53779 139.32324 

-9 . 4> 169 1 139 . 41 60 7 

-9.2 53 13 133. 53345 

f. 560 03 1 37. 13 151 

-2. 27442 135- 553 13 

2.54091 133-37373 

6.33335 132.359^5 

9.36304 131.22459 

10.9 63 79 13 0. 61 1 22 



Z.C-S' 



BLOCKING POINT THRUSTS 



JOINT 



THRUST 



1 


12-30249 


2 


24. 5 033 3 


3 


24. 53 33 4 


4 


24 -57 4 55 


5 


24 .5750S 


6 


24. 62 49 2 


7 


24 .74042 


8 


24 .9 0 43 2 


9 ..- 


25. 0 0 532 


1 0 


24 .79309 


1 1 


23 .9 559 3 


12 


22-709 1 5 


13 


22 -3 0 57 1 


14 


2 2 -9 3 2 09 


1 5 


23- 2 1 655 


1 6 


23 .4453 1 


17 


23 -S 37 2 5 


13 


23-77 567 


19 


11.91000 
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•A. 
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COMPUTED BY CHECKED BY S DATE 
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NED FORM 223. NEW ENGLAND DIVISION 
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SUBJECT 



COMPUTATION 
COMPUTED • BY 



7~lfH '. CHECKED BY 3:1 _J OATI5 



#r7sii*L; Coy 

- - &*y //po o). — /ft36/»s* 
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2? 30/ y<? -x&rs 
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NED FORM 223 
27 Sept 49 



NEW ENGLAND DIVISION 
CORPS OF ENGINEERS, U.S. ARMY 



PAGE 



£2£ 



SUBJECT 

COMPUTAT.ON /J " ^/JGF^ Dffi 

COMPUTED BY , CHECKED BY vT , / , , , , - ^ DATE 



iff 



JUL 



So 



I 



- 1 



^ c * ^y ■ . _ MML^ 

^ z.yz J 1 ' * 

J,7^ 



NED FORM 223 NEW ENGLAND DIVISION 

27 Sept 49 corps of engineers, u. s. army page r 

SUBJECT . 

COMPUTATION <Zi?^T .fry S^i+AfA JUL £lLS±j£> 

COMPUTED BY j^ffi** ' CHECKED BY sjZ . DATE 

177/8*$ f>st. <~t>*Y>s*£S'*v 

^C-&' ^0 fit* ~%¥6* A/= * 



NED FORM 223 NEW ENGLAND DIVISION 

27 Sept 49 corps of engineers, u.s. army ^ pace h ^/ 
subject — /)csx*^sy/iY <^2>,y#*/r T^wtff&r ! 

COMPUTATION 

COMPUTEO BV . CHECKED BY ^ OATE 

As~s.cj^7c. /Z// Tests''*'? + 

£ - 0°°? ) / ^79,7,4 7 Asi */$#><> f** $K 



NED FORM 223 

27 Sept 49 corps of engineers, u s. army 

subject — Pane /? ^erfL ~ A<j */t-j* A* *r /U/vfi^ 

COMPUTATION _ 

COMPUTED BY CHECKED BY 



NEW ENGLAND DIVISION 



PACE 



MTt 





til?. 




VemV load 






/ 










y// f 33 


O 






>1 










— 6&;o 0 




n 








33-2>3> 






1* 






^7,/ 2 








11 














n 




3,30^, 


7s 57 










Z67s?36~ 









a» x ^ 



19 
20 
21 



. U UU I* 

. 0 0055 
0. 



- • u U CO -i 

-. 00 173 
0. 



03 0/11 

Q3252 



030 12 _ a 
03252 r~*l 



MEMBER FOP.CES 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
l/i 
15 
16 
17 
13 
19 
20 



17, 
15. 
1 5. 
17. 



(LOCAL COORDINATES) 

KOMEJT 

33396 -13.33160 

1>939 16. 12233 

93473 - 1 5. 44755 

24330 13..F0426 

■16.70734 -14. 333 10 

16.494VS! 13. 13427 

16. 60593 -14.59934 
16.61. f43 13.213 31 

17. 12674 -15.59962 
15. 94907 15.33536 

•13.46623 -10.i.9335 

19. 54346 27.90 142 

■30.10522 -31.55659 

3.32356 -24.93530 

•13.4521 f -51.54957 

20.21354 -1 1.63345 

-4.25572 -20.03515 

29. 03361 37. 30642 

-6.77332 23.93209 

25.3 1 103 74.33563 



TH« TT| ?T 

209.93336 
210. 14692 
210.21 1 43 
21 0. 1 1 154 
2 10. 0 693 4 
2 10. C3667 
210. Q9477 
21 0. 09 39 5 
210. 13344 
210.22612 
210. 0 30 63 
209. 55223 
21 0. 37250 
212. 439 63 
213. 27924 
212.7450G 
2 I 1 . 49 63 1 
209. 53774 
207.3 0 54">! 
20)5.30747 



^,8T/ft 2 RodK Lad 



BLOCKING PQIMT THRUSTS 



1 

2 
3 
... 4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 



rHF.UST 

34. 3 1203 
0. 

63.94292 
0. 

66.69260 
0. 

65. 3 40 15 
0. 

66. 51335 
0. 

62. 32134 
0. 

32. 35139 
0. 

50. 0 069 3 
0. 

57. 55261 
0. 

63. 3451 1 
0. 

41.93000 



ND.JOIMT ^EACTIOMS 

OlrAj X-FO!?C2 MOMEMT Y-fO^CE 

FIRST -20 7. 33 39'* 5 -21. 47 301 -.Q0GQ0 



NED FORM m NEW ENGLAND DIVISION 

27 Sept 49 corps of engineers, u. s. army paoe POT* 



SUBJECT 
COMPUTATION 
COMPUTEO 8Y 



7~/£/A- CHECKED BY DATE 



Wtx6 ? 



VJ' 33-/ „± c 



Qj= • 73, Fy - ,73 { 3 Cj ooo/ 



G. .0. -.00 124 -00 124 

F-3/ 

li^CES (LOCAL CO?*-' DILATES) 



FMBE" SHEA" MOMENT THpUST 



\ : 0 0335 , ^.«^r/^ 

3 , 0 0 73 0 . 47 3 52 - . 59 3 9 1 Us/cj&=L <LETr£> fclOOO 

/, . 0 0573 .43 541 . -.35075 

5 -.01221 -46Q31 - -1. 17254 r ~ P <7S/a 

6 0 539 7 . 3 39 0 3 - 1. 5 5230 <^*M>r -^Jf& 

7 1 1423 .10426 -1.9 7 677 
3 -. 133 46 -.23 30 3 -2. 42234 
9 -.26344 -.32461 -2.37431 

10 -.29 7 39 - 1. 43 599 -3. 32720 

M -.23620 -1.9214C -3.77306 

12 .01551 -1.33951 -4.23342 

13 . 29 260 - 1 . 233 0 0 -4. 697 14 

14 . 43339 -.39 641 -5. 14325 

15 .46702 . 56365 -5.549 15 

16 .41010 1.40669 -5.37060 

17 .27349 1.97399 -6. 09946 
13 . 1 0 132 2. 13332 -6.21333 

BLOCKING POINT TX RUSTS 

JOINT THRUST 

1 -.03054 

2 -.07003 

3 -. 09 33 5 

4 -.12421 

5 -. 153 47 

6 -.19100 

7 -.25222 

8 -.30960 

9 -.33732 

10 -. 5061 4 ~" ------ 

11 -.63072 

12 -.9 49 26 

13 -1.05360 

14 -.99369 

15 -.96522 

16 -.93756 

17 -.91252 

18 -.8934)? 

19 ' -. 440 00 

ND JOINT REACTIONS 

01 NT X- FORCE MOMENT Y- FORCE 

FIRST .34323 -.44943 .75000 ' 

LAST 6.2G35S? 2. 18332 -.44000 

JOINT DI SPLACEMENTS ( GLOBAL COORDINATES) 

JOINT X POTATION Y PADI AL 



12 
13 
1 4 
15 
16 
17 
18 
19 



00003 
0 00 13 
00030 
0 0035 
0003 1 
000 13 



0 00 13 
0 00 17 
0 00 13 
0 0 0 17 
0 00 13 
0 0 0 07 



0. 



00342 
r- 00376 
4- . 0 0 416 
i. 00457 
t- 0 0 493 
-. 00513 
-.00527 



00 174 — 

0 0256T 

00333 

00413 

00474 

0 05 1 3 

00527 



MEMBER FOT.CES 



MEM BE" 
1 

2 

3 

4 

5 

6 

7 

3 

9 
10 
1 1 
12 
13 
14 
15 
1 6 
17 
13 



SH EAi"> 



-.00534 
.00233 
02337 
-. 13417 
-.29331 
-.51 174 
-.77790 
-.95242 
-.33274 
-.33632 
.23553 
.65373 
.90792 
1 . 0 43 4 1 
1 . 0 43 1 4 
.9 1354 
- 7 0 43 4 
.45227 



CLOCAL COOPDIMA^ES) 

MOMENT. ' THRUST 

2.26743 31.34394 

2.27221 3 1.76404 

2.22416 3 1.59333 

1.94334 3 1.35147 

1.34563 8 1. 0.5371 

.29365 30.74979 

-1.30550 30.42733 

-3.26277 30.10517 

-5.07751 79.77593 

-5.76994 79.38065 

-5.23590 73.39347 

-3.94193 73.34306 

-2.07552 77.73353 

.07332 77.22320 

2.23346 75.72051 

4.11145 7> 5.29 553 

5.559P5 75.97977 

6-43 9 77 75*79 4 47 



SecM J,w>r/rr 2 



BLOCKING -oi\*t r-i^rsTS 



J Ul.NT 

1 

2 
3 
4 
5 
6 
7 
8 
9 
1 0 
I I 
12 
13 
14 
I 5 
16 
17 
13 
19 



us? 

7. 1 3193 
1 4.26379 
1 4. 263 1 6 
14.29749 
14.31377 
14. 32536 
14.293 40 
14. 170 13 
13.37643 
13.31393 
1 3.2360 0 
13^29313 
13.34074 
13. 3743 2 
1 3. 42237 
13. 45677 
13.43 426 
13.49 0 39 

7. 05000 



:JD JOIMT PEACTIOHS 



Ol:JT 



mom e:;t 



v-FO"CE 



MEMBER 




C .LOCAL COORDINATES} 




M EMriER 


SM EAR 


MOM EM T 


TH«UST 

j 


i 
1 


• U9 737 


9 # 52 1 79 


69 • ,663 7 4 


d 


• 279 53 


10. 09 6 IS 


69 . 543 39 


3 


• 34533 


1 0 .8 0 6 03 


69* 3222 1 




# lo 53 4 


1 1 • 138 J 1 


69 # 0 243 9 


5 


28 23 1 


1 0 • 6 0 69 4 


63 • 7 1 0 52 


6 


- 1 . 1 3> .9 3 


8 . 16702 


, 63 • 45497 


7 


-2. 59266 


2.3 3725 


63 • 3 5074 


8 


-4. 35428 


-6.11 099 


63 * 48 7 0 0 


9 


- > U 67 7 2 


- 1 3 • 53 5 0 5 


63 .90 543 


I U 


- &• y co / 1 


-32* 3 2d97 


69 . cbo c I 


1 1 


- 5» 9 3 1 14 


-45.01171 


63 • U 9 U 33 


1 2 


i fin ft 
- 1 • 99 0 37 


- 49 . 10 3 29 


64. 9 1651 


13 


5-98 60 6 


-36. 79764 


59. 54267 


" 14 


11.10443 


- 13.97966 


52. 4641 1 


15 


13.03673 


12.820 13 


. 44.3 23 22 


16 


1 1 .89762 


37. 273 26 


37.82053 


17 


8.26035 


54.25363 


32. 49 174 


18 


2.962 53 


60. 34420 


29 . 6 1 6 1 7 



/.c-2 



BLOCKING POINT THRUSTS 



JOINT THRUST 

1 5.96908 

2 11.96199. 

3 12.04206 

4 12.20432 
- : 5 12.47533 

6 1 2.8 59 4 0 

7 13.31159 

8 13.63 529 

9 13.69113 

10 12.33464 

11 10.93972 

12 7.67054 

13 2.39015 

14 4.66657 

15 6. 55741 

16 8.33102 

17 9.75375 

18 10.6950 1 

19 5. 53000 

MD JOINT REACTIONS 



OIMT X- FORCE MOMENT Y-FOrCE 



FIt^ct -69.41 159 -9.32161 .25000 

LAST . -29.24473 60.34420 5-52993 

JOINT DISPLACEMENTS ( GLOBAL COORDINATES) 

JOINT X ROTATI ON Y RADIAL 



MEM BET? FORCES 
MEMBER SHEA« 



(LOCAL COORDINATES) 
MOMENT 



THiPUST 



1 


. 09240 


9 .31243 


62.26237 


2 


.2 6663 


9 .36044 


62. 1 4393 


3 


.3 343 0 


1 0 . 543 69 


61.92530 


4 


. 13749 


10 .93406 


61 . 62902 


5 


-.26430 


1 0 .3909 1 


61. 3 1323 


6 


- 1 . 1 51 50 


3 .0233 5 


61. 0 5135 


7 


-2. 5171 1 


2.34941 


60.93249 


8 


-4. 2 3902 


-5.36196 


61. 0 51 59 


9 


-5.92555 


- 13 .04374 


61. 45032 


1 0 


-6. 73723 


-3 1 .9969 7 


61 . 773 52 


1 1 


-5.37344 


-44.06720 


60. 59022 


12 


-2. 12299 


-43 - 43 1 42 


57. 41934 


13 


5.3 5343 


-36.393 43 


52. 0670 1 


14 


1 1 . 0 0460 


- 1 3. 73 555 


44.99790 


15 


1 2. 79 59 4 


12.5 19 06 


37.23906 


16 


1 1.70963 


36. 59079 


30.2749 1 


17 


8.14136 


53. 32234 


24.97603 


18 


2.92555 


59 .33726 


22. 1 1563 



LC-2> 

Ci.p, 



BLOCKING POINT THRUSTS 



JOINT THRUST 

1 5-329 15 

2 10. 673 33 * 

3 10.74972 

4 10.90424 \^ 

5 1 1 . 1 63 79 

6 11.55212 

7 11.98115 
3 12.35070 
9 12.36550 

10 1 1 . 53 795 

11 9.76354 

12 6.55261 

13 1.53 654 

14 3.33113 

15 5.33 53 5 

16 6.96045 

17 3.37140 

18 9.30415 

19 4.84000 



lit JOINT REACTIONS 

OX NT X- FOPCE MOMENT y-FO^CE 

FI^ct -62-03303 -9.12249 .75002 

LAST -21.7760 7 59.3372 6 4-8 399 4 

JOINT DI SPLACEMENTS C GLOBAL COORDINATES) 



JOINT X DOTATION Y t>ADIAL "W* 

I 0 - 0 . - . 0 0 53 1 - . 0 0 53 1 



1 1 

12 


-.00722 
-.0 0745 


.00032 
- . 0002 1 


-. 0 1323 
0 1353 


-. 0 0 43 1 p ~g- 
-. 00236r *^ 


13 


-. 0 0664 


-.00032 


-1 0 1435 


. GO 142 


14 


-'. 0 0 49 7 


-.00 137 


-i 0 159 3 


- 00643 


1 5 


0 0295 


- . 0 0 1 67 


-4 0 1340 


. 0 1 220 


16 


-.00 119 


-.02167 


-J 0 2 143 


. 0 1796 


17 


-.00 012 


-.00 134 


-.'C?439 


. 02283 


13 


.000 19 


-.00074 


-.02656 


. G2619 


19 


0. 


o. 


-.02735 


.02735 



MCI BE« 1-C-CES 



MEM 3"^ 

1 

2 
3 
4 

5 

6 

7 

3 

9 
10 
1 1 
12 
13 
1 4 
1 5 
16 
17 
IB 



SIEA" 

. 09974 
•30736 
.37933 
.161 19 
-.39999 
- 1 . 45442 
-3. 03736 
-5. 07375 
-6.93239 
-7-71 034 
-6. 1431 3 
-.3399 0 
6.96240 
1 1.93 239 
1 3 . 3 0 3 59 
12. 527 5 0 
3 .76079 
3. 34074 



kLOC L CO* DILATES) 

MOMENT 

10.93242 
* 1. 56402 
12.34384 
12o 7521 
1 1.8 5323 
3 .36351 
2. 51573 
-7.9 110 1 
-22. 16263 
-33.0 1469 
-50 .*> 39 12 
-52. 46343 
-33 . 1 5567 
■ -13- 53359 
14.34237 
40. 59 531 
53 . 59 9 2 4 
65- 467 17 



143.72154 
143. 60 0 57 
143. 36807 
143.0 6526 
142.76073 
142. 53397 
142. 50 141 
142. 74141 
1 43. 3G3G0 
1 43. 79999 
142. 72270 
139. 470 1 0 
133.921 34 
126. 68095 
1 13.39952 
1 1 1 .767 G9 
1 06- 33696 
1 0 3.33 7 63 



ic-3' 

Sfc 11L ~J*wt/ft z 



BLOCKING POINT THRUSTS 

JOIw'T THRUST 

1 12.41453 

2 24-3 5531 

3 24.9 43 03 

4 25.15617 

5 25.47339 

6 25.92431 

7 26.44473 

8 26.84766 

9 26.30223 

10 25.77367 

11 23.43067 
■- 12 19.37003 



13 1 5.93033 

14 17.72001 

15 19. 59 67 5 

16 21.35479 

17 22.763 13 

18 23.69299 

19 12.33000 



JOINT REACTIONS 





• uuuy: 


••UUUii 


• U U I *1 




■ U U U .5 b 


_ p n fi 1 1 

• u 0 □ 1 i 


ft ft 1 r: 1 
. U U 1 u 1 


. •* 


. 0 0 063 


- - 0 0 0 03 


. 0 0 0 63 




nnim 


— fl n n fl Ji 


• UuU 4o 


; > 


0. 


0. 


.0 004 1 




fOP.C ES ' 


CLDCAU COOPEIUATE.O 




; ■ r r; C« 


b-T LA" 


rJlJrl b.vT 


! 1^ " 1 b 1 


1 


- • i 4 <;oy 


4 • 467 44 


141* 1 tb*ll 


o 


— • J 1 u 1 d. 


T. "7 n e. 3 c 


> y, 1 ft 3 0 1 *7 


T 


_ CT ft 0 T 


c » DO 0 u f 


1 /, ft ooc <: •» 




— • 1 b U DO 


• vow o 


1 fll) » 1 SriJ U 




0 0 0 /1 e 


- * 6V y £> / 


1 /1 ft C £. O £ 1 

1 4 U • DO»ol 


f. 


• jlia 16 


-2 • 35 I U 


1 4U • 4 if / d4 


7 


-.727 0 1 


-3.3 5554 


140. 123 43 




- • 51 1 U > ' 




i jy • / 0 io u 


9 


1 Ct c A O 

-» Io 5*4 J 


e: 0 j> ^ n O 


1 jy • Jot; / t 


l 0 


• IV bf 6 


>i 2 Zf J, C £L 

- 4. 3Q 4 bo 


loitj <iv y d 


! I 


• / U J 1 4 


- J • 4 DO 


I 00 • toUoo 


I 2 






t 1 T £ JiOiiO 
I J / • DhC Cc 


I 3 


3/113 


• J JO UO 


fiC/ilft 

1 0 / • u b4 1 u 


1 4 


£ ;i 0 n c 

• D^liiU D 




IOC C 13 1 1 

1 Jo. b Jo 1 1 


1 5 


* 4 4 d 




1 JO* u 0? Jo 


1 6 


• 240 44 


O 1 1 /■ £ ft 

3 • I I 46U 


IOC *70Cflft 

1 j 5 • / c by u 


17 


. 1 0934 


3.34033 


135.519 19 


13 


.04573 


3. 43444 


135- 41 606 



- 



0 0 045 
0 0 043 
0 0 0 4 1 
C0G41 



BLOCKING PCI"T THRUSTS 
JOI^T THHUST 



1 

■ 2 
3 
4 
5 

6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
1 6 
17 
18 
19 



1 2.43000 
24.34260 
24. 79352 
24. 7 19 03 
24. 61 632 
24. 49353 
24. 34633 
24. 13755 
24. 020 10 
23.34000 
23. 66423 
23.73 275 
24. 0 313 3 
24. 07 I 56 
23.93775 
23.3339 0 
23. 77903 
23. 69 66 0 
1 1 .33634 



■«'D JOITJT REACTIONS 

Dir.JT X" FOFCE MOMENT Y-F0°CE 

FIRST - 1 40 . 57 43 7 -4. 7 60 79 - 1 2. 4300 0 

LA?T - 134.39574 3.43444 1 1.42000 

v^*r- * 



1 0 


-. G G554 


.0 0067 




— • y u *j ~t 


1 1 


-. 0 0661 


. 0 0 0 29 


- . 0 1 329 


-. 0 0 420 p.,— 

- . 0 0 1 69 ~ 


1 2 


- . 0 0 63 0 


- . 00025 


-.01375 


I 3 


- . 0 0 59 7 


- . 0 0 03 6 


-.01 467 


ft ft n t ^ 

.00216 


1 4 


-.0 0433 


- . 0 0 1 33 


-.0 1 640 


.0 0 722 


15 


-. Q024G 


00 167 


-.0 1397 


. 0 1299 


1 6 


-.00077 


-. 00 165 


-.02206 


. 0 1372 


17 


.000 16 


-,00 131 


-. 0 2503 


. 0 23-53 


IS 


.00033 


-.00072 


-. 027 19 


.02633 


19 


0. 


0. 


-.02793 


.02793 



MEM3EP FORCES 



(LOCAL COOP DI MATES) 



MEMBER 


Sd EAR 


MOMENT 


THRUST • 


1 


.09570 


1 1 . 49 3 1 5 


199. 2 1268 


2 


.3053 1 


12. 12159 
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